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New ennoids are described I rom the Penman ol Queensland, New South Wales, Tasmania, 
and Western Australia. They 1, strengthen affinities with Timor and North Ainenca: 2. add to 
knowledge of hiodiversiU : 3. improve knowledge of some earlier described taxa: and 4. 
extend the stratigraphic \alue of X cocam ptocriuns. 

Range of the lsocnnidae is extended down to the Artinskian, based on Archaeoisocriiius 
occhlnaustralis gen ei sp. no\. The new Order Ainpeloennida which is recognised by 
sn /> gial brachial pairs in which muscular articulation alternates with eryptosy/ygial articu- 
lation is assigned to the Artie ulala and includes the Ampelocrinidae, Con thoennidae. 
Calceolispongiidaeand 1 ribrachyocrinidje. 

1 Tispirocrinids are recognised in the Artinskian and possibly Roadian of eastern Australia, 
extending their range from the Visean Ihree flexible ennoids are recognised in the 
Artinskian of WA. 

( \mhiocritttts cherrahtmensis is designated the type species of the Metacalceoltspongia 
gen. nov Other new genera and species described are. htagh ptoertnns wtUinki. \ e copin ch- 
ert ttus tyxhents and Eulosochtnis cotulattnnensts. New species described are Plan criuites 
halos. Anhskocnnns? hattanaensis. Xeocainptocn'tms catheriueusis. Sjxmiocnnus genicitlafns, 
( tkmkosocritms mMalutensts. Pcdiaoavms? a< xlostts , \ loafXKrintis a meat ns and Snndacrmtis 
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Permian crinoids of Western Australia were 
reviewed b> Webster ( 1 987) and Webster & Jell 
(1992). Permian crinoids of eastern Australia 
were reviewed in Webster ( 1990) Those reviews 
may be summarised here by noting that the 
earliest descriptions of Australian ennoids were 
in 1847. most species have been described since 
1949. and that crinoids arc widespread in the 
marginal Permian basins of both eastern and 
Western Australia. 

Palcobiogcography of Australian Permian 
cchinodenns (Webster et al.. in press) may be 
summarised by noting that: 1. Permian cchino- 
derms arc common elements in deposits of 
eastern Australia from Sakmanan into Wordian 
lime and m WA from Sakmanan into Wiichiaping- 
lan time: 2. Australian echiiKXlcrin faunas arc 
dominated b\ taxa endemic to Australia and the 
Tcthys. but contain a few taxa found throughout 
the equatorial belt: 3. Australian faunas show 
greatest affinity to the faunas ofTiinor. but con- 
tain some North American Carboniferous taxa 
that arc holdovers in Australia or the Tcthys; and 
4. Australian cchinodenns lived in a cooler w ater, 
clastic-rich cm ironmcntofdepositionSof35 S 

The pm pose of this paper is to : 1. describe new 
Penman crmoids from Australia: 2. pro\ ide new 
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information on some previously described taxa; 
3. relate the new material to prc\ iously described 
faunas: and 4. denote the significance of an Early 
Pennian articulate ennoid in WA. 

FAUNAL ANALYSIS 

Western Australian ennoids are reported from 
5 horizons. This includes previously unreported 
taxa in 3 horizons, and new information on taxa 
from the other 2 honzons (Table 2). 

The Permian crinoid fauna of the Cally tliarra 
Fomiation is the most diverse in Australia and 
second largest in the w orld Webster & Jell ( 1 992 ) 
reported Tf> camcratcs. 37 inadunalcs. and l 
flexible, increased here to 42 inadunalcs (6 
disparids. 3 cyathocrinids. and 33 potcriocrin- 
inids) and 7 flexible*. Most of the new material 
consists of disarticulated radial plates and frag- 
mentary sets of anus. The 3 species each of 
Prophyllocnniis and Eoxocnmts. and the arms of 
a timorccliinid show increased affinity of Tal- 
ly iharra and Timor (especially Basleo) faunas, 
this supports proposed correlation of the Cal- 
lvtharra fauna with part of the Basleo fauna and 
an Artinskian age for that part of the Basleo 
faunas (Webster. i9X7: Webster & Jell. 1992). 
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Glaukosocrinus in the Callytharra fauna is its 
first report outside North America, extending the 
range from the Late Carboni ferous into the Permian. 

A erown of Archaeoisocrinns occidnanstraiis 
gen. ct sp. nov., found in the arms of a erown of 
Jimbaerinns bostocki , from the Cundlego Form- 
ation on Jimba .Jimba Station is the earliest known 
articulate erinoid. The articulate crinoids were 
previously known from the Early Triassie to the 
Reeent, thus their range is extended into the 
Palaeozoie approximately 28 m.y. 

The Wandagee Sandstone yielded an abund- 
ance of loose eolumnals of several speeies of 
Calccolispongia , whereas artieulated eups and 
crowns arc rare. No new taxa are described from 
the Wandagee, but details of C. abandons and C. 
rubra suggest that all ealeeolispongiids: 1, lived 
either resting on or partly buried within the 
substrate, with the stem serving as a runner or 
vestigial tether in the adult stages: 2, had syzygial 
articulation facilitating differential movement 
between laterally adjaeent 1st and 2nd braehials 
of each ray: and 3, that together, the 1st and 2nd 
braehials of all rays formed a facultative tegmen 
eapable of gentle expansion and contraction, as 
needed for capacity adjustment of the gut tract. 

Diseovcry of an in situ nest and its partly 
weathered components consisting of several 
crowns, partial crowns, and fragments of 
Neocamptocrinns millyitcnsis in the Cherrabun 
Member of the Hardman Formation provides 
new information on the arms, and proximal and 
medial stem of this Wuehiapingian camerate. 

Crinoids of eastern Australia are described 
from 7 stratigraphie units from early Artinskian 
to Wordian. This includes new taxa from 5 of the 
units and new information on taxa from 2. 

A reconstructed eup and proximal braehials of 
Calccolispongia gerthi from the Sakmarian 
Berridale Limestone of SE Tasmania has a 
cylindrical shape that rested on the substrate 
probably attached by a runner type stem. This 
supports the interpretation as discussed for C. 
abumlans and C. rubra. 

Pentastellate eolumnals and disarticulated eup 
plates of Nowracrinns ornatus from the early 
Artinskian Kansas Beds of NW Tasmania are 
recognised in the lineage of the early articulate 
crinoids. Columnals have a ercnularium that 
parallels the stellate outline and nodals have 5 
elliptical eirral faeets. 

Neocamptocrinns cathcrincnsis sp. nov. is the 
first report of the genus from the late Artinskian 
Catherine Sandstone. Gissocrinus ? sp. 


( -Anaglyptocrinns sp. herein) was the only 
erinoid previously reported from the Catherine 
Sandstone (Willink, 1979b). These two genera 
are Tethyan and Australian endemics, 
respectively. 

The diseovcry of Anaglyptocrinns willinki in 
the Wandrawandian Siltstonc enlarges that fauna 
to 12 species in 7 genera. The Wandrawandian 
Siltstonc, with the second largest Permian erinoid 
fauna in E Australia, contains Calccolispongia (3 
spp), Neocamptocrinns (2 spp), Notio- 
catilloerinus (2 spp) and Trihrachyocrinns (2 
spp). The Wandrawandian fauna eould be 
referred to as an Australian fauna with Australian 
endemics Notiocatillocrinus , Nowracrinns , 
Trihrachyocrinns and Anaglyptocrinns and 
Tethyan endemics Neocamptocrinns and 
Calccolispongia: only Dichocrinns is found 
throughout the equatorial belt in the Carbon- 
iferous and appears to be a Permian holdover in 
Australia. Notiocatillocrinus , Neocamptocrinns 
and Calccolispongia show affinity with the 
Callytharra Formation and suggest an Artinskian 
age. The Wandrawandian fauna is in situ, as 
many specimens retain stem and arms attaehed 
and associated braehiopods and corals are in 
living positions suggesting they lived below storm 
wave base. Shi & MeLoughlin (1997) considered 
the Wandrawandian Siltstonc to represent an off- 
shore environment on an unstable palaeoslope. 

For the first time crinoids are reported from the 
latest Artinskian Condamine Beds of SE Queens- 
land. The Condamine fauna is the most diverse 
known from E Australia, contains several very 
large specimens, and is not typieal of other 
Permian faunas of E Australia. It shows affinity 
with the Basleo faunas of Timor containing Neo- 
camptocrinns, Platycrinites , Spaniocrinns , and 
Sundacrinns in eommon. It also shows affinity 
with the Wandagee Sandstone, with Eoindo- 
crinns praecontignatns in eommon, which 
supports a late Artinskian age for the Condamine 
Beds. Oeeurrenee of Calccolispongia sp. shows 
affinity with E and W Australian faunas. Other 
identified elements in the fauna are Necopino- 
crinus tveherns gen. et sp. nov., the youngest 
known euspiroerinid, and Moapacrinus enneatus 
sp. nov., perhaps the youngest known eromyo- 
erinid and showing affinity with Artinskian faunas 
of North Ameriea. 

Two interesting elements of the Condamine 
fauna are sets of arms questionably assigned to a 
stellaroerinid and an in detenu inate poterioerinid. 
Both have braehials considerably larger than in 
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mosi Palaeozoic crinotds. Tlic stcllarocnnid(?) 
arms are unusual with lire pinnules attached (o 
(he sliorlercnd and a large proirudcd node on lire 
longer end of each brachial. Large nodes on (he 
inner side of ihc brachial arc unknown m the 
crinoids and the pinnules are normally attached 
to the longer end of Ihc braclual. Tlte nodes 
would have served as protection for food part- 
icles moving along the ambulacral trackway in 
the w idc ambulacral groove in the open feeding 
posture. Development of the pinnule on the shorter 
end olthe brachial may ben result of enlargement 
of the longer end to accomodate the prominent 
node Brachial* of Potcriocrinid indet.. amt frag- 
ment l. arc the first pseudobiscnal reported They 
arc also bipmnulatc and apparently rcprcsenl a ter- 
minal laic Palaeozoic evolutionary development 

t he Cundaminc fauna is judged to be near in 
sun. with several specimens retaining arms and 
proximal stem. Specimens probably represent 
storm kills transported a short distance and 
buried in a silty mud. 

. I uhskocrinui?! bananomsis and a tribraclivo- 
crinidt?) arm fragment from the Wordian Flat 
lop Formation of central F: Queensland arc 
associated with starfish and plant fragments. 

I heseme live fiist crinoids reported from tlte Flat 
Top Formation, increase the number of crinoids 
found in a sandstone matrix and arc interpreted as 
living in a clastic environment 

There arc 120 species of Permian crinoids 
recognised in WA(Tcichert. 1049. 1954: Web- 
ster. 19X7 1990. Webster it Fell. 1992, herein) 
Howev er, only 55 (45.8%)arc identified species, 
or referred (cf ) to a named species. All others arc 
referred to generic or higher taxonomic 
categories and are represented by partial cups or 
crow ns, sets of arms, arm fragments, loose 
nklials. and rarely columnals. In E Australia 60 
species of Permian crinoids are recognised 
(Willink. I97X. |979a 197% l9X0a, 1980b: 
Webster. 1 990: herein). Of these. 49 < x 1 .7%) ate 
identified to. or referred (cf. ) to species level. All 
others are identified like the WA ta.xa and 
represented by similar types of incomplete 
specimens Among the E and W Australian taxa 
there arc several that merit special comment 

The Dichocnnidac were common in the Early 
Carboniferous and rare in Late Carboniferous of 
North America and Europe (Broadhead. 19X1 
Webster unpublished compilation). In the 
Penman they arc unknown outside the Tetlivs. 
where they arc moderately common, especially 
m Australia. Seocampioaimt\ is of stratigraphic 


utility in both F and W Australia although .after 
introduction to Australia lineages may have 
evolved independently in the two regions 
\e<>( (iinpio(:rinu\ catlierinritsts sp no\ in the 
Catherine Sandstone and V. sp. inthcCondanunc 
Beds increase the stratigraphic utility of the 
genus. Reports of the stems of Camplacrinus 
( =Vtnicantpt(nrmns ) in Russia (Yakov lev. 1 95o) 
and Timor (Wanner. 1924) show the w idespread 
distribution of the genus in the Tcthvs and 
suggest its utility lor correlation therein. 

( 'alceolisponxia and Jnubarrinus arc wido- 
sprcad in the Permian of Australia and the ronner 
is know n t as Dinolocrinu v ) from Timor ( Wanner. 
1916 1924, 1957) and India (Reed 1928 19.43) 
Their slmttgrapluc utility in Australia has been 
reported hv Tcichcrt ( 1949). Willink ( I V79h). and 
Webster & Jell (1992). ('tiUvolispoiij'io is 
considered to have evolved its 2 separate lineages, 
in E and W Australia in the Early Permian 
(Willink 1979b: Webster & Jell 1992) 

Vt'orompfitcrinus commonly occurs wilh 
( 'alceclhpontuo. These 2 genera had similar, 
widely tolerant, ecological requirements as 
reflected in their ability to live in either clastic or 
carbonate deposition;!! env ironments. Both tavn 
were lower level feeders. Living attached in 
runner stems, or in some species of Cokvolt- 
sportgui tethered by a dysfunctional stem in the 
adult stages. When in association. Calceuli- 
spnngia is typically more abundant V<?n 
ccmiptocmus has a greater stratigraphic range, 
extending into the Wuchiapingian 

Platvcriniles ( Late Devonian mlo Late Permian) 
is one of the few long ranging crinoid genera of 
the Paleozoic. It also had widely tolerant ecologi- 
cal requirements as it is found in the clay stones, 
marls, and arenaceous limestones of the Tal- 
ly tltnrra Formation and the mudstones of the 
Condamine Formation. It is one of the lew 
equatorial genera in the Permian and a higlier 
level trophic feeder. 

Euspirocrinidsvverc reported to have a range of 
Middle Ordovician, Mohavvkian. lo Early 
Carboniferous. Tbunutisiau. by Lane & Moore 
(in Moore & Tcichcrt. 1978) Flic discovery of 
I noglyptocritlits wllhnki gen et sp. nov. in the 
Wandrawandian Siltstoiie at Warden Head. NSW 
and Wecopmocrimis tycheru.s gen. et sp. nov. in 
the Condaminc Beds extends Lite range of ihc 
family into the late Artinskian and possibly early 
Roadian. 

Webster cl al. (in press) recognised 37 Penman 
crinoid genera in Australia Of these: 34 were 
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based on cups and crowns and identified to 
genus; 2 genera were based on stems; and 1 was 
referred to as Rhenocrinidae n. gen. In this study, 
1 1 genera are reported for the first time from 
Australia. These are: Aitliskocrinus ?, Ana- 
glyptocrimis , Necopinocrimts , Eidosocrimts , 
Arcltaeoisocrimts , Spaniocritnis. Glaukosocrittus , 
Peclinocrimis ?, Sundae rinus, Moapacrimts , 
Loxocrinm and Prophyllocrinus. In addition, 9 
indeterminate genera, that are probably new for 
Australia, are based on poorly preserved crowns, 
cups, sets of arms, ami fragments and loose cup 
ossicles. Together these bring the total number of 
Permian crinoid genera for Australia to 56. with 
Anaglyptocrinus replacing Gissocrinus ? of 
Willink (1979a). Of the 46 named genera 14 
(30.4%) are endemic to Australia, 13 (28.3%) are 
endemic to the Tethys, 7 (15.2%) arc found 
throughout the equatorial belt, and the other 12 
(26,1%) are Permian holdovers in Australia or 
known from Australia and one other locality 
outside the Tethys, but at this time, not 
considered to be cosmopolitan. Bambach (1990) 
pointed out that there are no true cosmopolitan 
crinoid taxa in the Permian, since no taxon is 
found in all four of the biogeographical regions 
he recognised. Genera referred to as cosmopolitan 
by Webster et al. (in press) are found throughout 
the equatorial latitudes and the cooler water higher 
latitude Australian localities. 

Eastern Australian crinoid faunas contain 8 
endemic genera whereas WA faunas contain 3. In 
addition there are 3 Australian endemics 
common to both. Undoubtedly, there w ill be ad- 
ditional endemics recognised as more complete 
specimens of indeterminate taxa are found. These 
taxa represent evolution in cooler w r ater, clastic- 
rich environments, not the equatorial belt 
carbonate rich environments typical of most Pal- 
aeozoic crinoid faunas. We suggest that the E 
Australian endemic genera will continue to be a 
greater number than those of WA. Western Aust- 
ralian taxa currently identified as genus, family, 
and order indeterminate will probably contain a 
good percentage of taxa described from Timor. 
Eastern Australian faunas have less affinity with 
Timor and evolved in latitudes farther S than 
those of WA (Webster et al.. in press). 

AGES AND CORRELATION 

The Permian stratigraphy of Western Australia 
was correlated internationally on moderately 
frequent occurrences ofammonoids (Glenister et 
al., 1993). Few Permian ammonoids have been 
reported from E Australia so there the regional 


biostratigraphy is based on bracluopods (Diekins 
et al., 1964, among others). International cor- 
relations of some Permian units of E Australia are 
not clear (Day et al., 1975). 

Eastern and Western Australian crinoid faunas 
hav e in common Dichoeriniis . Neocamptocrinus , 
Platycrinites\ Notiocatillocrinus. Eoindocrinus , 
Calceolispongia , and possibly Jitnhacrimts. Only 
E. praecontignatus is common at species level. 
The Wandagee Sandstone of WA is late Artin- 
skian (Glenister et al.. 1993) and is correlated 
using E. praecontignatus w ith the Condamine 
Beds of SE Queensland. An Artinskian age for 
the Condamine Beds is supported by 
Moapacrimts which is Artinskian in North 
America (Webster & Lane, 1967). 

Occurrence of crinoid genera and species in E 
and W Australia implies that both regions were 
connected by seaways in the late Sakmanan to 
allow the incursion of Calceolispongia. In the 
latest Sakmarian or early Artinskian Neocampto - 
crinus and Notiocatillocrinus invaded both areas. 
In the middle Artinskian Jintbacrinus and Dicho- 
crittiis are common to both regions. Platycrinites 
and Eoindocrinus praecontignatus are found in 
both areas in the late Artinskian. This implies that 
E and W Australia were interconnected repeated- 
ly in the Early Permian. Because the lineages of 
Calceolispongia and Neocamptocrinus are 
apparently separate in E and W Australia, it would 
appear that there was a common source for both 
areas, but not an interconnection for two-way 
exchange between them. 

At the generic and specific level WA faunas 
correlate most closely with the Basleo faunas of 
Timor. Loxocrimts boom\ 2 other species of 
Loxocrinus , and 3 species of Prophyllocrimts in 
theCallytharra Formation support the suggestion 
(Webster & Jell, 1992) that part of the faunas of 
the Basleo Beds are of Artinskian age. Spanio - 
crinus and Stmdacrinus in the Condamine Beds 
show affinity with the Basleo Beds and support 
an Artinskian age. All other faunas of E Australia 
show little affinity with the Basleo Beds, except 
for the longer ranging, Tethyan endemics 
Calceolispongia and Neocamptocrinus. 

STEM ART1CULATA 

Discovery of Archaeoisocrimis gen.nov. in the 
Artinskian of Western Australia requires a 
review of characteristics defining the subclass 
Articulata. Simms ( 1988) defined the Articulata 
on a combination of morphological characters, 
but most significantly on the absence of the anal 
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plate in the cup. lie pointed out that all of the 
morphological characters recognised in the 
Aniculata were individually or in various in- 
complete combinations known in various 
Palaeozoic taxa, but not in the total combination 
as found in the post-Palacozoic articulates. 

Simms oc Sevastopulo (1993) reviewed the 
origin of the articulate erinoids, noting that, as 
defined by Miller (1821), a number of late 
Palaeozoic erinoids could be included in the 
Articulata. Furthermore, applying a cladistic 
study of 9 primitive and derived morphologic 
characters (Simms & Sevastopulo, 1993. text-fig 
2). they compared 3 Middle Triassie articulate 
genera to 1 1 Palaeozoic taxa which have been 
proposed as ancestral, or have close morpho- 
logical affinities, to the articulates. They also 
suggested a revised classification of the Palaeo- 
zoic erinoids that included major revisions of, as 
well as supression of the term, lnadunata. We 
agree with most of the proposed elades of Simms 
& Sevastopulo (1993), but do not agree, with 
excluding their middle to late Palaeozoic 
‘stem-group artieulatesTrom the Articulata. 
They referred to the post-Palaeozoic Articulata 
as the ‘crown-group articulates’. This makes the 
Articulata a horizontally defined (Simpson, 
1961) taxon. Simms & Sevastopulo (1993) 
justified the new definition of the Articulata by 
adding the recognition of the entoneural system 
enclosed within the thecal plates. 

Simms & Sevastopulo (1993) noted several 
late Palaeozoic erinoids with the entoneural 
system enclosed within thecal plates. However, 
all of the Palaeozoic taxa that they discussed had 
one or more anal plates within the cup, and thus 
could be excluded from the crown-group 
articulates or Articulata, following the definition 
of Simms (1988) in combination with the 
entoneural system enclosed w ithin thecal plates. 

We assert that the synapomoqihie feature that 
defines the Articulata is the development in the 
armsofsy/ygial brachial pairs in which muscular 
articulation alternates with eryptosyzygial 
ligamentary articulation as illustrated by Willink 
(1979b, text-fig. 16) for Meganotocrinus . We 
also conclude that brachial morphology described 
as rectilinear, weakly cuneate, moderately 
cuneate. strongly cuneatc, cuneate biserial and 
rectilinear biserial may be considered an evo- 
lutionary lineage. However, such evolution could 
and did stop any w here along this sequence within 
different crinoid lineages. Thus the 2 states of 
uniserial (“ primitive) and biserial (~ derived) 


amis, as given by Simms & Sevastopulo ( 1993. 
text-fig. 2), are insufficient for defining the 
complex brachial morphology. We agree that 
biscrial amis evolved more than once in the 
Palaeozoic, once in the Mesozoic, and that they 
provided greater flexibility of the feeding arm. 
We also assume lhat biseriality became a dead- 
end. We suggest that the reason biseriality was a 
deadend may be that the interior axial canals 
could not function efficiently in the short zigzag 
relationship between adjacent braehials in the 
cuneate and rectilinear biserial conditions, if it 
ever developed in those forms. Development of 
the interior axial canals in the cuneatc braehials 
provided greater protection from injury to the 
canals in the development of muscles at articular 
facets, at points of arm branching and on the 
fleets of syzvgial paired braehials. They w ere not 
restricted b> short spaces between zigzag facets. 
Removal of the anal from the cup was an 
evolutionary trend that was repeated many times 
throughout the Palaeozoic. The loss of the ami Is 
from the cup in the stem-group articulates is 
considered unrelated to the development of the 
entoneural system being enclosed in llieeal plates, 
as some genera ( Calceolispougia , among others) 
de\ eloped an entoneural system enclosed in thecal 
plates while retaining an anal within the cup. 

We agree with Simms & Sevastopulo (1993) 
that; I ) the Ainpelocrinidac and Cymbioerinidae 
should be combined and rev ised; 2) they contain 
genera lhat are not stem-group articulates and 
should not be included within the family; 3) 
several taxa of stem-group articulates arc 
insufficiently defined to fully evaluate their 
position in the lineage; 4) Articulata, as here 
defined, is a monophyletic elade. 

We propose that the primitive Articulata 
possessed the follow ing morphologic features: I . 
dicyclic or cryptodicyclic cup; 2, cirri with mulli- 
radiatc articula distally and transverse ridge 
articula proximal ly or cirri with transverse ridge 
artictila throughout; 3, pinnulatc amis; 4, brachial 
articula with ligamentary and clearly defined 
muscular fossae: 5, first ami division on primi- 
brachs 2-4; 6. entoneural system enclosed in 
paired canal; 7. syzygial brachial pairs in amis; 8, 
anals in cup, I to 3; and 9, uniserial amis, w ith 
cuneate braehials. These morphologic features 
are found in Chlidouocrinus , Ampelocrintis , and 
Nowracrimis as show n by Simms & Sevastopulo 
( 1 993, text-fig 2), but they included these taxa in 
their stem-group articulates. It should also be 
noted that each has a pentagonal stem proximallv. 
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TABLE 1 . Comparison of major morphologic characters of genera assigned to the Order Ampelocrimda and 
isocrinid Archaeoisocrimis. 


i Family and Genus 

Cup Shape 

No. Anals 

No. IBr 

No. Arms 

Pinnules/ 

Ramules 

Stem X-sect 
at cup 

Cirrate at 
cup 

Anal Sac 

Facet Type 

; Corythocrmidae 










Corythocrinus 

conical 

1 

3 

20-30 

pmnuiate 

round 

no 

? 

plenary 

Araeocrinus 

conical 

3 

4-5 

20+ 

pinnulate 

round 

0 

long 

plenary 

Campbellicri nus 

conical 

1 

3 

12 

pmnuiate 

round 

? 

short 

plenary 

Ampelocrinidae 










Ampelocrinus 

med bowl 

3 

2 

10 

pinnulate 

pentag 

yes 

recurved 

plenary 

Chhdonocri nus 

tried bowl 

1 

2 

20 min 

pinnulate 

pentag 

yes 

? 

plenary 

Cynibiocrinus 

low bowl 

1 

*> 

10 

pinnulate 

pentag or rd 

yes 

•> 

plenary 

Halogetocrtnus 

low bowl 

1 

3-4 

10+ 

pmnuiate 

round 

yes 

■> 

plenary 

Moimdocrinus 

med bowl 

I 

2 

10 

pinnulate 

subpentag 

■» 

short 

plenary 

1 Okhihomucnnus 

discoid 

1 


10 

pmnuiate 

subpentag 

? 

7 

plenary 

Calceolispongndae 










Allosocrinus 

med bowl 

1 

- 

5 

pmnuiate 

subpen to rd 

? 

•i 

plenary 

Calceohspongio 

high bowl 

1 

. 

5 

pinnulate 

subpen to rd 

yes 

? 

plenary 

Jimhacrimis 

high bowl 

1 

- 

5 

pinnulate 

subpen to rd 

no 

? 

plenary 

Metacalceohspongia 

med bowl 

1 

-> 

11+? 

pmnuiate 

pentag 

•> 

0 

plenary 

Tribrachyocrinidae 










Tribrachyoc nnus 

globe 

3-4 

-» 

12 min 

ramules 

round 

no 

short 

plenary' 

A leganotocn nus 

globe 

1 


20 

ramules 

round 

no 

short 

plenary 

Nowracrinus 

globe 

1 

2 

20 

ramules 

round 

yes 

short 

plenary 

Insertae sedis 










T asmanocnnus 

conical 

0 or 1? 

-> 

6 mm 

pinnulate 

pentag 

yes 

short 

peneplenary 

Isocnnidae 










■ Archaeoisocrimis 

discoid 

0 

■> 

10 

pinnulate 

pentag 

* 

* 

plenary' 


VVc consider Corythocrinus , from the late 
Toumaisian of Indiana (Tables L 2). the oldest 
Articulata. This is followed, in order of earliest 
occurrence, by Chlulonocrinus . Cynibiocrinus and 
Ampelocrinus , from the Visean of North America. 
We consider the report of Ampelocrinus from the 
Visean of England (Wright. 1 95 1 ) a questionable 
identification. Offshoots of the Ampclocrinidac 
include the Calceolispongiidac. a Late Caibonifeious- 
Pennian lineage, and Tribrachyocnnidac, a Penman 
lineage. Thus, our higher level classification is: 
Subclass Articulata 
Order Ampelocrinidaord. nov. 

Order Millericrinida 
Order Cyrtocrinida 
Order Bourguelicrinida 

Order 1 socr in ida- with A trhaeoisocri tins gen . nov. 
Order Comatulida 
Order Uintacrmida 
Order Roveacrinida 

Origin of the Ampelocrinidn is uncertain. Strimplc 
& Watkins (1969) suggested dial Corythocrinus 
was derived from a rhenocrinid because the 
plicate plates of the anal tube indicated affinities 
between these two forms; however, plicate tube 
plates arc also known in poteriocrinilids and are 


common among dendroenmds. Moore & 
Tcichcil (1978) considered the Ampclocrinidac 
derived from the Dccadocrinidac, but gave no 
explicit reasons for supporting this relationship. 
Because so many stem articulates have 1 anal, we 
suggest that the Ampclocrinida might be derived 
from a cyalhocriiiinid. such as Lecythocrinus , 
where the radianal had already been eliminated 
from the cup, or Corynecrinus , where the 
radianal and anal X arc above the posteriorbasal. 
However, the 3 anals in Ainpelocrinus and 
. 1 raeocrimts suggest that the presence of a single 
anal may not be a primitive character of the 
group. Carboniferous evolution of the 
Ampelocrinida occurred in North America and 
Europe, whereas the Pennian record is within the 
Tcthvs. especially E Australia, except for North 
American species of Ilalogetocrinus and A l/oso - 
crinus (Table 2). 

Moore & Jeffords (1968) described several 
taxa with pentagonal and pcntastcllate columnals 
from Devonian and Carboniferous strata of the 
United States. The cups arc either unknown or 
not recognised in association w ith the colunm- 
als. The geographic distribution of such 
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TABLE 2. Range chart of genera assigned to the Ampelocrinida. (x) indicates age of type species. ( — ) indicates 
age of species assigned to the genus. United States series names used for C arboniferous because known record 
is restricted to North America. 


Family & Genus 
Wuch. 


Carboniferous (part) I Permian (part) 

Osag. Mrmc. Chst. Mow. Atok. Dsmn. Mssr. Vrgl. Assl. Skmr. Artk. Road. Word. Capt. 


Corythocrinidae 

Corythocrinus x 

Araeocrinus 
Campbellicrinus 
Ampelocrinidae 
Ampelocrinus 
Chlidonocrinus 
Cymbiocrinus 
Halogetocrinus 
Moundocrinus 
Oklahomacrinus 
Calceolispongiidae 
AHosocrinus 
Calceolispongia 
Jimbacrinus 
Me tacalceolispongia 
Tribrachyocrinidae 
Tribrachyocrinus 
Meganotocrinus 
Nowracrinus 
Incertae sedis 
Tasmanocrinus 


x 


x- 


X 


X 


X 



X 


-x- 


X 


X 


columnals is unknown. Wc suggest that such 
forms should be investigated as possible stem 
articulates. 

SYSTEMATIC PALAEONTOLOGY 

Crinoid teminology follows Ubaghs et al. (in 
Moore & Teichert, 1 978). with colutnnal patterns 
after Webster (1974). Measurements are given 
as: length, parallel to the ecntral axis; width, 
transverse to. but never cutting or joining the 
central axis; and depth, normal to. and may join 
the central axis. Curvature of the eup walls, plate 
circlets within the eup and fixed bracliials are 
referred as: incurved if distally bending toward, 
vertical if parallel to, weakly to strongly flaring if 
bending away from and horizontal if perpen- 
dicular to the central axis. 

Material eolleetcd by us came from localities 
entered in the Queenland Museum Loealitv 
Register (QML). and is curated in the Queens- 
land Museum Palaeontological Collection 
(QMF). Other palaeontological collections 
referred to are indicated by the following 
prefixes: Geological Survey of Queensland. 
Brisbane (GSQ); Geological Survey of Western 
Australia, Perth (GSWA); Geological Survey of 
New South Wales. Lidcombe (MM); Department 
of Geology, University of Queensland. (UQ); 
The Natural History' Museum London (BME); 
and Tasmanian Museum (TM). 


Subclass CAMERATA Waclismuth & Springer. 
1885 

Order MONOB ATHR1D A 
Moore & Laudon. 1 943 

Superfamilv HEXACR1N1T01DEA Waehsmuth 
& Springer, 1885 

Family D1CHOCRIN1DAE Miller. 1889 
Subfamily DICHOCR1N1NAE Miller. 1889 

Dichftcrinus Munster. 18.39 

TYPE SPECIES. Dichocrinus radiants Munster, 1839 
from die Early Carboniferous of Belgium; by monolypy. 

Dichocrinus? sp. 

(Fig. IB) 

MATERIAL. GSWAF50172, from GSWAL 119377, 
Billidee Fonnation, Arlinskian. 

DESCRIPTION. Crown small. 29.4mm long 
(incomplete). 25.8mm w ide (arms flared). Cup 
elongate, cylindrical, unornamented. Basal 
circlet unknown. D radial 7.7mm long. 3.5mm 
wide (incomplete), gently convex longitudinally 
and transversely , with narrow’ shoulders sloping 
abmcdial. Radial facet angustary. rounded 
aborally. Anal large, 7.4mm long. 4.6mm w idc, 
widest at base, tapering distally. in line with 
radials. Anns 2 per ray. isotoinous brandling on 
2nd priinibrach. biserial above seeundibrach4-7. 
Bracliials cuneatc. moderately convex 
longitudinally, strongly convex transversely. One 
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slender pinnule per brachial on long side. Stem 
and teginen unknow n. 

REMARKS. This is the first unornamented 
Dichocrimis reported from the Permian of 
Australia. Several species of Dichocrimis from 
the Early Carboniferous of the United States have 
a distal ly tapering anal plate and most have 10 
anus ( Broadhead, 1 98 1 ). The 1 0 arms are a prim- 
itive condition in the genus. Lacking the tegmen, 
the generic assignment is questioned. The Bill i- 
dee Formation specimen probably represents a 
new species, but lacking the basal circlet and 
legmen, it is left in open nomenclature. 

Auliskocrinus Broadhead, 1981 

TYPE SPECIES. Dichocnnus crassitesfus White. 1862 
from the late Toumaisian upper part of the Burlington 
Limestone, Iowa; bv original designation. 

Auliskocrinus? bananaensis sp. nov. 

(Fig. 1 A) 

ETYMOLOGY. From Banana in central Queensland. 

MATERIAL. HOLOTYPE: QMF38897 from QML806. 

DIAGNOSIS. Anal tube large, conical, distally 
tapering above the posterior interradius; eup 
truncated eone-shaped; basal circlet very short; 
brachials rectilinear. 

DESCRIPTION. Specimen small, 26.2mm long. 
Crown small, cylindrical, 16.1mm long, 8.2mm 
wide at tip of anal tube. Calyx robust, 1 2mm long 
to tip of anal tube. Cup truncated conical, 7.4mm 
long. 6.9mm wide at radial summit; plates 
smooth; sutures flush. Basal circlet shallow 
distally flared bowl, 2mm long, 4.8mm wide. 
Radials large, 5.9mm long. 5mm wide at base of 
radial notch, longitudinally moderately convex 
proximally becoming gently convex distally, 
moderately convex transversely, forming most of 
cup wall, subvertical distally. Radial facet 
angustary, 3mm wide, moderately convex pro- 
jecting from radial aborally. Single anal large, 
6mm long, in radial eirclet. Tegmen formed of 
numerous small plates. Anal tube conical, formed 
of small irregular polygonal plates, tapering 
distally, distal opening above posterior inter- 
radius. Arms relatively short, 11mm long, 
slender, 4 per ray, isotomously branching on 
axillary' 2nd primibrach. Brachials rectilinear. 


wider than long, slightly convex longitudinally, 
strongly convex transversely, with single pinnule 
on opposite sides of arm. Primibrach 1 much 
wider (2.6mm) than long (0.7mm). Axillary 
primibrach 2 3mm wide, 0.8mm long. Stem 
round, 1 .2mm diameter at cup, 1 0. 1 mm preserv- 
ed, heteromorphic. Noditaxis Nl; nodals longer 
and wider than internodals; latus strongly 
rounded. 

REMARKS. A uliskocrin us ? ban a n a crisis i s 
preserved as an external mould with the C ray 
centred. 

Arguments could be made for erecting a new 
genus for A.? bananaensis or assigning it to 
Dichocrimis. The eup shape, position and plate 
structure of the anal tube, and rectilinear 
brachials of A ? bananaensis are atypical of the 
closely related Auliskocrinus and Dichocrimis. 
Cup shape of Auliskocrinus is relatively high, 
subconical or slightly globose whereas Dicho - 
crinus is relatively high conical. In both genera 
the basal circlet forms a significant part of the eup 
wall. Only D. dichotomns , an early Visean species 
with biserial arms, has a bowl-shaped cup with a 
low upflaring basal circlet, similar to A .2 
bananaensis. No member of the Diehocrininae 
(Broadhead, 1981, fig. 2) has a conical, distally 
tapering anal tube projecting above the tegmen 
over the posterior interradius as in A ? banana- 
ensis. The small more centrally located vertical 
anal tube of Auliskocrinus is formed of laterally 
interlocking columns of hexagonal rather than 
irregular plates, and the genus has slightly 
cuneate brachials. The tegmen of Dichocrimis is 
typically low, but may be moderately elevated 
with the anal opening flush or only slightly 
projected above the tegmen (Broadhead. 1981). 
Brachials of Dichocrimis are either cuneate or 
biserial, most commonly rectilinear proximally 
becoming moderately to strongly cuneate 
distally. Most advanced species have biserial 
brachials with 20 arms (Broadhead, 1981). With 
the exception of the truncated conical eup, 20 
arms, and projected anal tube, A. ? bananaensis 
retains primitive features of Dichocrimis. 

Variation in cup shape and tegmen structure of 
monotypic Auliskocrinus is unknown 
(Broadhead, 1981). We assign this specimen to 
Auliskocrinus because the tegmen forms a high 
cone with a terminal anal opening and the 


FIG. 1 . A, Auliskocrinus ? bananaensis sp. nov., C ray view of crown with legmen, holotype QMF38897, *4.3. B. 
Dichocrinus? sp., lateral view of partial crown GSWAF50172, *2.5. C,D, N coca m p toe r inns Catherine ns is sp. 
nov. C, D-E interray view' of partial crown, paratype GSQFI3487, *2.5. D, C ray view of crown, holotype 
GSQFI3486, *2.5. 
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rectilinear brachials are more similar to the 
slightly cuneate brachials of Anliskocrinns. 

Subfamily CAMPTOCRININAE 
Broadhead, 1981 

Neocamptocrinus Willink, 1980 

TYPE SPECIES. Neocamptocrinus bundanoonensis 
Will ink, 1980a from the Wordian Berry' Fonnation, NSW; 
by original designation. 

REMARKS. Willink (1980a) defined Neo - 
camptocrinns primarily on the distinctive 
inflated tegmen formed of 5 large orals, and 
numerous small interambulacral and anal plates. 
He noted Neocamptocrinus as a common element 
in E Australia, recognised 3 species on the basis 
of cups, another 7 species on coluninals, and 
considered the genus of potential stratigraphic 
value. In WA there are 3 species (Webster, 1990; 
Webster & Jell, 1992), a pluricolumnal from the 
Callytharra Formation (Webster, 1987) and very 
large pluricolumnals in the Wandagee Sandstone 
(Webster & Jell, 1992). Willink (1980a) 
considered the coiled elliptical stem typical of 
Neocamptocrinus . Broadhead (1981) noted that 
the elliptical stem distinguishes the Campto- 
crininae, whereas Dichocrininac have a round 
stem. Webster (1987) reported stems of Campto- 
crinus cf. C. indoanstraliens (considered 
Neocamptocrinus by Webster & Jell, 1992) to 
vary from slightly elliptical proximally to 
elliptical to subrectangular distally. Webster & 
Jell (1992) noted that the proximal stem of N. 
millyitensis is nearly circular in section, 
becoming elliptical distally. New material of N. 
millyitensis shows the curvature of the enrolled 
proximal nearly circular part and the transition 
from that into the strongly elliptical part (Figs 
2A-C; 3A,B; 4C,D). 

The range of Neocamptocrimis in E Australia is 
from the Sakmarian, Billop Formation of 
Tasmania, into the Wordian, Condamine Beds of 
Queensland. In stratigraphic sequence, species 
recognised are: 

N. sp. nov., Condamine Beds 

N. bundanooensis Willink, 1980a, Berry 
Formation 

N catherinensis sp. nov. Catherine Sandstone 

N wardenensis Willink, 1980a. Wandrawandian 
Siltstone 

o N tasmaniensis (Sieverts-Dorcck, 1942), Crin- 
oidal Zone 

N. millerensis Willink, 1980a, Billop Formation 


The following columnal (o) species are con- 
sidered junior synonyns of o/V. tasmaniensis : 
o/V.? sievertsae Willink, 1980a, o/V.? doreckae 
Willink, 1980a, o/V. bernacchiensis Willink. 
1980a, o/V.? banksi Willink, 1980a, and o/V.? sp. 
cf N.'I tasmaniensis. These are all from the 
Crinoidal Zone on Maria Island and represent 
different parts of the stem of one species. 

In general, species of Neocamptocrinus are 
distinguished on cup plate ornamentation, cup 
plate shape, ornament of tegmen plates, and 
number of amis. The oldest fomi known, N. 
millerensis , has a slender high cup with a 
vermiform ornament, whereas /V. wardenensis 
has a lower, more bulbous cup and coarse node 
and irregular ridge ornament. The plates of N. 
catherinensis sp. nov. are smooth, but the tegmen 
is a prominent conical projection above the 
posterior interray. Ornament on N. 
bundanoonensis consists of pits on the cup plates. 
Cup plates of NS! sp. indet. (Willink, 1 980a, pi. 4, 
figs 17-26) probably belong with o/V. tas- 
maniensis from the same stratigraphic unit 
(Crinoidal Zone). This form would have had a 
lower cup with a longitudinal trending vermi- 
form ornament. 

In WA Neocamptocrinus ranges from the late 
Sakmarian, basal Callytharra Fonnation, into the 
Wuchiapingian, Cherrabun Member of the 
Hardman Formation: 

N. millyitensis Webster & Jell, 1992, Cherrabun 
Member 

0 /V. sp. Webster & Jell, 1992, Wandagee 
Sandstone 

N. occidentalis Webster, 1990, Cundlego 
Sandstone 

N. barrabiddyensis Webster & Jell, 1992, Bul- 
gadoo Shale 

o/V. sp. Webster, 1987 (as Camptocrinns cf. C. 
indoanstraliens ), Callytharra Fonnation 

N. barrabiddyensis lacks ornamentation, N. 
occidentalis has fine granular ornament on cup 
plates, and A. millyitensis is smooth but has nodes 
on some oral plates. All have more globose cup 
shapes than E Australian species. With 8 arms per 
ray N. millyitensis has the greatest number known 
for the genus. Most species have 4-7 anus per ray, 
but some rays of N. millerensis may have 2. The 
general trends in evolution of Neocamptocrinus 
in Australia were to: 1, lower the cup by flat- 
tening the basal circlet and shortening the length 
of the radials and primanal; 2, increase the 
number of aims per ray; and 3, increase in size. 
Cup and tegmen are smooth or have ornament of 
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FIG 2. Seocamptocrinm millyitensis Webster & Jell, 1992 A-C. distal facet, lateral stem and proximal facet 
views of proximal pluneolumnnl showing enlargement below theca. QMF 3803 1 , 0.1 Mi. oral. A ray, posterior 
and basal views of theca QMF 37981, *2.6 
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variable type. Neocamplocrinus has the longest 
stratigraphic range of any Australian Permian 
crinoid and may have tltc greatest geographic 
distribution (coiuinnals referred to as Campto- 
crinus in Timor and Russia are herein considered 
Neocamplocrinus). Only Calceohspongia lias 
comparable stratigraphic and palaeogcographie 
ranges among Australian Permian erinoids. 

Neocaniptocrinus catherinensis sp. nov. 

(Fig. 1C.D; Table 3) 

ETYMOLOGY. From the Catherine Sandstone. 

MATERIAL 1 10LOTYPE: GSQF 13486 from theGuad- 
alupian. CaQierine Sandstone, in tlie upper piirt of Sandy 
Creek, Sprinawood Ftomestead, Queensland PARAlTPll: 
GSQF 13487, same. 

DIAGNOSIS. Cup small to medium sized, high 
bowl-shaped: legmen conical projected toward 
posterior interray: 4 arms per ray. 

DESCRIPTION. Crow n small to medium sized, 
cylindrical. Cup high bowl-shaped, plates un- 
ornamented. Basal circlet upfiared. 2 equal 
plates, suture in A-CD plane of symmetry, 
forming basal one third of cup. Radials 5. liept- 
agonal, gently convex longitudinally and 
transversely, gently flaring proxintally, sub- 
vertical distally: distal facets with tegmen plates 
sloping downward gently. Radial facet angustary. 
nearly 1/2 radial width, gently rounded below' 
distal tips of radial. Anal plate in radial circlet, 
gently convex longitudinally and transversely. 
Anns slender, elongate. 4 per ray, branching 
isotomously on axillary' 1st primibrach and 2nd 
seeundibraeh. Bracltials rectilinear, uniscrial 
proxintally. cuneate. becoming biserial distally. 
Tegmen with rounded conical projection on 
posterior. Stem nearly circular proxintally 
becoming strongly elliptical distally, lietcro- 
morphic in strongly elliptical part; noditaxis Nn. 
Nodals formed bv fused coluntnals. with 
incipient cirral scars on outer side. 

REMARKS. The holotype is preserved in the 
eitrolled position as original calcile embedded in 
fine grained sandstone. The cup is crushed with 2 
rays and the anal or edge of a 3rd radial exposed. 
Proximal parts of the arms show the branching 
pattern and the distal part of the stem is eirrate. 
Iron oxide replacement of the plates of the 
paratype is very soft and partly lost on the 
enrolled proximal part of the stem and partial 


TABLE 3. Neocamplocrinus catherinensis sp. nov 
measurements (mm), ^crushed, +eslimatod. 



holotype 

paratype 


GSQF 13486 

GSQF134S7 1 

Crown length, incomplete 

26 5 


Calyx length 


8.5 

Cup length 

9 9 

6 5 

Cup width 

10.1* 

5.9 

Basal circlet diameter 

4.8 

3.1 

Basal circlet length 

3.2 

1 2 

Radial length 

5.4+ 

4.2 

Radial width 

4 4+ 

24 

First pnmibrachial length 

1 


First pnmibrachial width 

2.1 


Proximal columnnl diameter 

2.1+ 

1 1 

Stem length 

65 

63.7 


crown. The unentshed cup is smaller than the 
holotype, the D and E rays are centred, the short 
anal tube projects on the right and the distal part 
of the preserved stem is eirrate. 

The tegmen of other species of Neocanipto- 
crinus is inflated and may be slightly elevated 
towards the posterior side, but is not elevated into 
a conical projection as sharp or prominent as that 
of N. catherinensis. Only N. wardenensis with a 
rounded posteriorly elevated tegmen is compar- 
able. Also the cup of ,V. wardenensis is a lower 
bow l shape and the basal circlet is shorter and 
more outflarcd. The cup of N. catherinensis is 
most similar to that of A r . milierensis. which has a 
very low tegmen and relatively longer radials. 

Neocaniptocrinus millyitensis 
Webster & Jell. 1 992 
(Figs 2-4) 

Neocamplocrinus sp. nov. Webster, 1990: 57, pi. 1. figs 7-11. 
Neocaniptocrinus millyitensis Webster & Jell 1992: 320. figs 
3A-L. 

MATERIAL. Crowns QMF37980-F37985, partial calyces 
(QMF37920, F38986-F38024), partial sets of arms 
(QMF38025, F38026), radials (QMF3792LF37928), 
eolumnals and pluricoluinnals (QMF37929-F37971 , 
F 3 802 7-F3 8864 ). and cirri (QMF37972-F37979. 
F38865-F38873) from QML772 and 1 146). 

DESCRIPTION. This description only adds to 
that of Webster & Jell (1992). Radial facet an- 
gustary. approximately half maximum width of 
radial, sloping outward gently. Bracltials 
cuneate. strongly convex transversely, straight to 


FIG. 3. Neocaniptocrinus millyitensis Webster & Jell, 1992. A,B, lateral and proximal facet views of proximal 
pluricolumnal and part of basal circlet, QMT38027, x3.S. c, lateral view of distal end of radial and proximal 
bracltials showing branching patient, QMF38029. <4. D-F. A rav, posterior and basal views of theca 
QMF37980. *2.6. 
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slightly convex longitudinally, deep, uniserial 
proximally, biscrial distally. Arms slender, 
delicate; endotomous branching hetcrotomous 
on single primibrach and secundibrach and 
isotomous on single tertibrach; anns 40, 8 per 
ray. Brachials with single slender pinnule (up to 
9mm long) on long side. Anal series 3-2, with the 
2 plates to the left of the anal opening. 

Stem elliptical in transverse section; short, 
more equidimensional (4.6 x 2.4mm) adjacent to 
cup; becoming longer, flattened and extended 
elliptical (10.1 * 3.4mm) within 7-8mm, 2-3cm 
from the cup; becoming less extended elliptical 
(9.4 x 6.8mm) an unknown distance distally. 
Noditaxis pattern hcteromorphic, with nodals 
separated by 2 intcmodals normally, but varying 
from 1-3. Cirri attach at ends of ellipse, 2 per 
nodal; cirral facet extending laterally onto 2 
adjacent columnals with growth. Cirri not 
developed in proximal more equidimensional pan 
of stem. 

REMARKS. The revised description is based 
upon new material listed above. Five of the 
calyces were in situ in a nest with the broken stem 
segments in the surrounding matrix. Many of the 
pluricolumnals are coiled, indicating specimens 
were enrolled prior to fracturing and disag- 
gregation from compaction and weathering. The 
calyces and pluricolumnals were encased in a 
clay to silt and fine sand matrix, rather than the 
typical fine to medium sand of the Cherrabun 
Member. This suggests that when enrolled, the 
cirri formed a protective screen around the crown 
shielding it from the coarser grained sediments. 
As burial proceeded, finer grained sediments 
infiltrated the cirri entombing the crowns. 
Compaction after burial distorted and fractured 
some of the calyces and broke the stem into 
pluricolumnals. Modem weathering left a lag 
gravel of columnals, pluricolumnals, partial and 
complete calyces, and ann fragments over 3 nr 
on a very gently sloping surface. Five complete 
and 7 partial calyces and numerous stem segments 
were recovered in situ by excavation to 20cm 
beneath the lag gravel in the weathered zone. 

The anns arc delicate, quite slender and, based 
on a partial set of anns lacking all parts of the 
calyx, extended a minimum of 25cm above the 
tegmen. Although uniserial proximally, they 
become biserial in the middle and distal parts of 
the arm. 


Neocamptocrinus sp. nov. 
(Fig. 5A-C) 


MATERIAL. QMF38900, part of exterior side of 2 rays of 
partial set of anns, QMF39006, part of interior side of 3 
rays of panial set of anns, and QMF39007, pluricolumnal, 
from QML518. 

DESCRIPTION. Axillary primibrach triangular, 
lateral ends nearly overlap 1st primibrach. 
Second secundibrach axillary. Brachials strongly 
convex transversely, straight longitudinally, very 
deep, cuneate, becoming biserial on the 8th 
tertibrach, rectilinear biserial on 11th tertibrach. 
Fine granular ornament on primibrachs and 
secundibrachs, smooth thereafter. Ambulacra! 
groove narrow, deep V-shapcd. Anns 20, 4 per 
ray, slender, very elongate, 65.8mm (incomplete). 
Pinnules slender, narrow, one per brachial. 

REMARKS. Preservation of both specimens is 
moderately good, with some parts poorly 
preserved through oxidation by weathering. The 
arm branching is typical of Dichocrinus or Neo- 
caniptocrinus with 4 anns per ray. Anns are very 
delicate and larger than most dichocrinids. They 
arc assigned to Neocamptocrinus based on the 
shape of the brachials, uniserial to biserial arm 
development, arm branching pattern, and pluri- 
columnals and columnals of Neocainptocriims in 
the same interval of the Condamine Beds. 

Neocamptocrinus? sp. 

(Fig. 5D) 

MATERIAL. QMF38880 from QML1237. 

REMARKS. The partial set of arms is 20.1mm 
long, 9.4mm wide, and consists of parts of 14 
anns. They are assigned to Neocamptocrinus 
because they closely resemble the anns of N. 
millyitensis , as the cuneate brachials are small, 
biserial, strongly rounded transversely, and bear 
small delicate pinnules. Webster (1987) reported 
pluricolumnals of Camptocriuus cf. 
indoaustralicus from the type section of the 
Callythara Fonnation. Although no cup or calyx 
has been recovered from the Callytharra Fonu- 
ation, these columnals are now considered to 
belong to Neocamptocrinus , because they are 
similar to those reported from several strati- 
graphic units in WA. 
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FIG. 4. W'oecmiptoeri mis w illy 'i lei i sis Webster 8l Jell, 1 992. A,B, lateral and inner view s of coiled plurieolumnal 
QMT38028, >2,5. C\D, proximal facet and outer views of expanding part of proximal phtricolumnal 
QMF38030. ><6.9. EJ\ lateral views of partial set of amis QMF38025, *3,3. 




FIG. 5. A-C, Neocam ptocnnm sp. nov. A, view of 
interior side of 3 rays of partial set of arms 
QMF39006. *1 ,6. L3 : lateral view of exterior side of 2 
rays of partial set of arms QMi ; 38900, * 1 .6. C, lateral 
view of plurieolummil QMF39007, *2 , D, 
Veocumptocrimis? sp.. lateral view of partial set of 
arms QMF38880. *5A. 
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Superfamily PLATYCRINITOIDEA 
Austin & Austin, 1842 
Family PLATYCR1NITIDAE 
Austin & Austin, 1842 

Platycrinites Miller, 1821 

TYPE SPECIES. Platycrinites laevis Miller, 1821 from 
Ihe early Carboniferous of England, by subsequent desig- 
nation of Meek & Worthen, 1865. 

Platycrinites halos sp. nov. 

(Fig. 6C,D) 

ETYMOLOGY. Greek halos, a circle around the sun: 
refers to the elevated platform around the radial facet. 

MATERLAL. Holotype, internal mould with part of 
proximal tegmen and external mould of basal circlet, 2 
radials, and 1 mterambulacral QMF39008 from QML5 1 8. 

DIAGNOSIS. Cup very large, bowl-shaped; radial 
facets concave, elliptical, subvertical; arms pro- 
jecting horizontally away from cup; radial facets 
large, elliptical, on slightly projecting platforms. 

DESCRIPTION. Cup large bowl-shaped, c. 25mm 
long, estimated 51mm wide, granular texture. 
Basal circlet large, 14.5mm long, 25mm wide. 
Basals 3, azygous half size 2 zygous, down 
widely flaring proximally beneath stem facet, 
upward widely flaring distally, forming proximal 
part of cup wall. Radials 5, large, 27mm long, 
estimated 27mm wide, moderately convex longi- 
tudinally, strongly convex transversely, distally 
shoulders incurved partly around angustary 
radial facet. Radial facet large, estimated 1 2.5mm 
long and wide, concave, elliptical outline, 
surrounded by narrow platform with sloping rim. 
Tegmen arched, unknown length. First 
interambulacral plates very large, estimated 
12mm long, 15.7mm wide, laterally flanked by 
series of small plates covering ambulacral 
trackways. Stem facet large, estimated 14 xlOmm, 
separated from cup wall by narrow groove. 

REMARKS. This is one of the very large calyx 
type Platycrinites. The arms proximally project 
horizontally away from the cup. The basal circlet 
forms a small part of the cup walls as it flares 
outward much more than upward. The radials are 
the main part of the cup wall, subvertical 
proximally and incurved distally. A disarticulated 
associated columnal beside the base of the cup is 
3.2mm long and 1 8.6mm by an estimated 8mm in 
transverse section; latus moderately concave; 
fulcral ridge elevated well above adjacent pits. It is 
one of the straight columnals of the segmented 
twist type of Webster ( 1 997) and probably from 


the same specimen as the cup. The size of the 
radials is close to that of Platycrinites sp. of 
Webster & Lane ( 1 967) from the Artinskian part 
of the Bird Spring Formation of southern 
Nevada. However, no other species of Platy- 
crinites has the elevated or rimmed radial facets 
like P. halos. 

Platycrinitid indet. (columnals) 

(Fig. 6A,B) 

MATERIAL QMF38899, 39009, 39010 from QML518. 

REMARKS. Elliptical columnals belonging to a 
platycrinitid, such as Platycrinites , Neoplaty - 
crirtus , or Stomiocrinus are of the segmented 
twist type (Webster, 1997). The facets bear a dual 
transverse ridge divided by a shallow groove 
along the long axis. They have an axial canal and 
2 or 3 coarse crenulae and culmina on the distal 
ends of the long axis. Straight and twist 
columnals arc present. They are mentioned to 
show crinoid diversity in the Condamine Beds. 

Subclass CLADIDA Moore & Laudon, 1943 
Superfamily CYATHOCR1NITOIDEA 
Bassler, 1938 

Family EUSPIROCRINIDAE Bather, 1890 

Anaglyptocrinus gen. nov. 

TYPE SPECIES. Anaglyptocrinus willinki , late Artinskian 
Wandrawandian Siltstone at Warden Head, NSW. 

ETYMOLOGY Greek anaglyptos , wrought in relief, and 
binon, lily; refers to the low relief, weathered out condition 
of the holotype. 

DIAGNOSIS. Cup medium bowl, with nodose 
ornament, with shallow apical impressions; 
infrabasal circlet flat to gently upflarcd; radial 
facet angustary, wide radial notches; single large 
anal above posterior basal; brachials rectilinear, 
strongly convex transversely, with 4 rows of 
cover plates above V-shaped ambulacral groove; 
arms branching isotomously on 4th primibrach 
and once or twice more; brachials with very small 
internal axial canal, brachial facets trifacial; anal 
tube narrow, elongate; stem round, with round 
lumen. 

REMARKS. Anaglyptocrinus is distinguished 
from all other euspirocrinids by the flat to very 
low basal circlet, medium bowl-shaped cup, and 
the single anal plate. Cup shape is most similar to 
but shorter than Euspirocrinus. Other taxa 
assigned to Anaglyptocrinus are Gissocrinusl 
voiseyi Willink, 1979 and Gissocrinusl sp. 
Willink, 1979, 
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FIG. 6 A,B, Plat\ crinitidindet. columnals. A, faeelal view of twist columnal QMF38899. *3.6. B, facetal view 
ofwealheredstraighlcohmnialQMF39009,*3,8. C J),Plaf\x rimtes halos sp nov.,e\lemal(*l 5) and internal 
( x 1 .3 ) views of slightly disarticulated and distorted partial theca, holotype QMF39008. 


Anaglvptocrinus willinki sp. now 

(Fig 7) 

ETYMOLOGY. For R. Will ink in recognition of his 
studies of the Penman crinoids of eastern Australia. 

MATERIAL HOLOTYPE: QMF38913 from QML859. 

DIAGNOSIS. As for genus, cup ornament nodose. 

DESCRIPTION. Crown slender, elongate. 20.8mm 
preserved Cup medium bowl-shaped, nodose 
ornament on all cup plates, double row of nodes 
on proximal edge of radial parallel to basal-radial 
sutures, shallow i inpressions at junction of basals 
and radials. Infrabasal circlet flat to widely 
flaring, barely visible in lateral view. Basals 5, 
large. 4mm long (incomplete), 5.6min wide, 
moderately convex longitudinally and trans- 
versely, incurved proximally. subvertieal distally. 
forming lower half of cup wall Radials 5. 4.4mm 


long. 5.7mni w ide, straight longitudinally below 
facet, convex longitudinally adjacent to facet, 
moderately convex transversely. Radial facet 
narrow, strongly conv ex outer edge, flaring in- 
wardly to merge with radial shoulders, inneredge 
smooth with wide concave ambulaeral notch, 
deelivate; transverse ridge prominent, div ided by 
gap in middle, dividing facet into inner and outer 
halv es: outer half w ith small 4-lobed elev ation 
off centre, slightly abornl to gap in transv erse 
ridge: outer fossa divided by low rise from 
4-lobcd elevation into 2 shallow transversely 
elongate parts, deepest central aboral; inner fossa 
transversely elongate, shallow. Radial notches 
wide. Single anal large, pentagonal, projecting 
slightly abov e radial summit, proximally abut- 
ting terminated end of CD basal, distally 
adjoining 2 proximal tube plates. Anus slender, 
brandling isotoinously on 4th primibrachand 4th 
or 5th seeundibraeh: more distal branching 
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I Ki. 7. Anaglyplocnints williiikt gen. et sp. nov A. 
camera ludiia sketcli o I posteriori* 6 1 B. A ray ( - 2 S > 
view QM1 38913 l - legmen plaies, a = anal X, r = C 
ray radial uiul b = Cl )( lefl I and IJC (right )basals 

unknown. Bracliials slraighl longitudinally, 
strongly convex transversely, deep, willi w ide 
V-sliapcd ambulacral groove. Brachial facets 
trifacial: transverse ridge w ide V. apex pointed 
adoral. with small single axial canal in slightly 
elev ated centre Ambulacral cover plates small. 
0.05mm long and wide, polygonal, interlocking 
with adjacent plates longitudinally and laterally 
4 across ambulacral groove, merging with small 
polygonal plates of legmen proximally. Anal 
tube slender, elongate, of 10-1 1 vertical rows of 
smooth, laterally interlocking hexagonal plates. 
2mm w idc. I 8mm long. Column hcleromorphic: 
nodilaxis pattern N3231323. Columnals. round 
transversely' : lotus moderately to strongly convex 
on nodals and iulcrnodals; nodals cirralc 
throughout 21mm of preserved column. Axial 
canal round. 

REMARKS The crown is crushed with distal 
parts of the arms and legmen lost to weathering 
and the mfrabasals and auals are not exposed. 
Excavation of the under side exposed the C 
radial. BC and CD basals. parts of the infrabasal 
circlet, piimanal and proximal pails of 2 tube 
plates (Fig.7A). Ornamentation of the cup was 
lost or very faintly preserved on pails of the 
exposed cup. but well-developed on the ex- 
cavated cup plates. 

Willink (1 979a) described. I. voisevi and, I. sp. 
from the Cataract Riv er Formation and Catherine 
Sandstone, respectively. These forms show 
similarity of the cup shape and ann branching 
pattern to the Wnndrawandian specimen. They 
differ from the nodose ornamented cup of J. 
willmki by ,t. voiseyi being ornamented with 



nodes and sharp ridges on all cup plates as well as 
the bracliials and. I. sp bearing prominent inter- 
connected plate ridges on the cup and proximal 
and distal expanded rims on the brachials giv ing 
them an hourglass shape. Thus, the 3 fonits make 
a series from simple nodose ornament to liighly 
ornate, with the simple nodose form the oldest 
(late Arunskiim) and the 2 younger more orna- 
mented fonns of approximately the. same age 
(Roadian) Ray ridge and interconnected ray 
ornament inlhccrinoidsiscoinmonintlicactiiio- 
enniuds. primitive poleriocrinitoids. and a few 
flexiblcs. It is not as common in the late Palaeo- 
zoic as in the early and middle Palaeozoic. Thus, 
the ray ridge ornament of the younger forms is 
considered hcterochronous homcomoTphy . 

Willink (1 979:1) considered (il\.\ocrinii,\ in 
need of revision, noting that the diagnosis 
provided by Moore & Tcichert (1978) was 
narrower than dial of Angelin (1878) or Bather 
(1893). Furthermore, lie suggested that (lie 
Australian forms probably represented the end 
members of a conservative stock of the 
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cyathocrinitids that was most closely allied to the 
Silurian Gissocrinus. However, he also suggest- 
ed the possibility, that the Australian specimens 
represented hetcrochronous homcomorphy. The 
first branching of the amis of Gissocrinus is on 
the single primibrach and the cup is a low bowl, 
both advanced evolutionary features for this 
Silurian taxon. By comparison, the type species of 
Cyathocrinites , an Early Carboniferous taxon, 
has a medium bowl cup and the first branching of 
the amis is on the 3rd primibrach, both more 
primitive features. A. wiUinki has even more prim- 
itive ami branching than Cyathocrinites , but a 
slightly more advanced cup form. The primitive 
ami branching with ambulacral cover plates sug- 
gests evolution from an unknown conservative 
stock of the cyathocrininids. The trifacial artic- 
ulation facets of the brachials and internal dual 
axial canals are advanced features found in some 
of the stem articulate crinoids (Simms & Sev- 
astopulo, 1993). 

Necopinocrinus gen. nov. 

TYPE SPECIES. Necopinocrinus tycherus sp. nov. from 
the Condamine Beds, Elbow Valley area, near Warwick, 
SE Queensland. 

ETYMOLOGY. Latin necopiuus , unexpected, and crinon, 
lily; refers to a euspirocrinid not being expected to occur in 
the Penman. 

DIAGNOSIS. Cup expanded low bowl, with con- 
stricted base, with incurved radial, with coarse 
nodose ornament on all cup plates; 3 infrabasals, 
small infrabasal in C ray; radial facets angustary, 
1/3 radial width, horseshoe-shaped; 3 small anals 
above posterior basal; single primibrach axillary. 
Amis widely spread, branching isotomously. 
Brachials cuneatc; stem round transversely. 

REMARKS. The expanded low bowl-shaped cup 
and axillary 1st primibrach are the 2 most dis- 
tinctive charaters of Necopinocrinus. The cup is 
most similar to, but more bowl-shaped, than the 
low cone-shaped cup of Vasocrinus. 

Necopinocrinus tycherus sp. nov. 

(Fig. 8) 

ETYMOLOGY. Greek tyche. luck or chance, and refers to 
the Lucky Valley Creek wherein the specimen was found. 

MATERIAL. HOLOTYPE: QMF3890 1 , from QML5 1 8. 

DIAGNOSIS. As for genus. 

DESCRIPTION. Cup expanded, low bowl, with 
constricted fiat base, 1 5mm long, 39mm wide 
(crushed, compacted in part); all cup plates with 


coarse nodes, some grading into very short ridges. 
Infrabasal circlet large, with large circular stem 
facet, constricted sub vertical above stern facet, 
expanding upflaring distally, divided into 3 plates, 
2 large equal plates and 1 smaller plate in C ray. 
visible in lateral view. Basals large, upflaring, 
gently convex longitudinally and transversely, 
forming major part of cup; D-E basal 1 2mm long 
(estimated), 20mm wide. Posterior basal 14,8mm 
long, 10.4mm wide, truncated distally by 3 small 
facets for anals. Radials large, 12mm long, 18.4mm 
wide, strongly convex longitudinally, moderately 
convex transversely, strongly incurved distally to 
near subhorizontal. Radial facet angustary, horseshoe- 
shaped, 7.4mm wide, deep, subhorizontal. Three 
anals small, in line of radials, probably projected 
slightly above radial facet. Anal tube not pre- 
served. Single primibrach axillary , 5.2mm long, 
5.2mm wide, straight longitudinally, strongly 
convex transversely; distal facets wide spread, 
separated by narrow concave trough. Secundi- 
brachs wider than long, weakly cuneatc, straight 
longitudinally, strongly convex transversely. 
Primibrachs and proximal 2 secundibrachs with 
coarse nodes, with line of coarser nodes along 
lateral edges. Stem large, circular in transverse 
section, 9mm diameter. 

REMARKS. The crown of Necopinocrinus 
tycherus is crushed along the A-CD plane of 
symmetry. Radials are cracked and impacted 
downward, overlapping the distal tips of the 
basals, the E-A basal is inset and edges are over- 
lapped by adjacent plates, the infrabasal circlet is 
compressed, brachials are slightly offset from the 
cup and one another, and the stem and distal parts 
of the crown are lost. 

This specimen represents a conservative stock 
of the Euspirocrinidae showing an advanced 
condition of: I, the anals restricted to the area 
above the extended posterior basal; 2, the infra- 
basal circlet of 3 plates; and 3, the arms branching 
on the single primibrach. Anaglyptocriims and 
Necopinocrinus are the first post Carboniferous 
euspirocrinids repotted, extending the range of 
the family into the Late Permian. 

Superfamily SCYTALOCR1NOIDEA 
Moore & Laudon, 1943 

Family SPANIOCRINIDAE 
Moore & Laudon, 1943 

Spaniocrinus Wanner, 1924 

TYPE SPECIES. Spaniocrinus validus Wanner, 1924 from 
the Permian Basleo Beds of Timor; by original 
designation 


NEW PERMIAN CR1N01DS 


299 



FIG. 8. Necopuiocrinm tychems gen. et sp. now, D-E interray view of partial 
crown QMF3890 1 , x 1 .7. 


Spaniocrinus penicillatus 

sp. nov. 

(Fig. 9) 

ETYMOLOGY. Latin 

geniculatus , like tire bent knee; 
refers to the knee-shaped brachials. 

MATERIAL. HOLOTYPE: 

QMF38987 from QML518. 

PARATYPE: QMF3901L same. 

DIAGNOSIS. Crown slender, 
elongate; eup medium bowl; 
ornament of coarse nodose to 
short irregular ridges cont- 
inuing onto brachials, with 
prominent longitudinal ridge 
or keel along middle of 
brachials; braehials recti- 
linear to slightly euneate. 
interlocking laterally. Anns 
5. Stem round, hetero- 
mo rphie. 

DESCRIPTION. Crown 
slender, elongate, 57.3mm 
long (incomplete), 21.2mm 
wide, widest at first brachial, tapering distally. 
Cup medium bow l. 6mm long, 1 8mm w ide, with 
eoarse nodose to irregular ridge ornament, 
continuing onto braehials; sutures impressed. 
Infrabasal cirelet small, not exposed, may be in 
shallow impression. Basals 5. eonvex longi- 
tudinally and transversely, proximally Conning 
base of eup, distal part fonning base of eup walls, 
widely outflaring. Radials 5, large, w ider 
(9.5mm) than long (6mm), strong!} eonvex 
longitudinally, moderately convex transversely, 
tumid, outilared. Radial facet plenary. Brachials 
much w ider than long (first braeliial 4.5mm long, 
10.5mm wide), reetilinear to slightly euneate, 
moderately convex transversely, straight longi- 
tudinally, prominant central longitudinal ridge or 
keel, with eoarse nodose ornament, interlocking 
laterally, transverse ridges and groov es on lateral 
ends exterior to pinnular facets; 2 small pinnules 
on each side, transv erse outline angular. Arms 5. 
tapering distally. Anals not exposed. Stem round, 
5mm diameter, heteromorphic; noditaxis pattern 
N212. eirriferous on second nodal below cup: 
53.6mm preserved. Columnals moderately long, 
(nodals 3.5mm long, intemodals 2.6mm long 
31mm below cup); latus convex, with coarse 
nodose ornament proximal to eup. smooth 
distally. Cirri round, 2,5mm diameter. 


REMARKS. The external mould of the crown 
and proximal stem of the holotype has the distal 
part of the anus partly disarticulated and central 
parts of the anus missing. Parts of 4 rays are 
preserved. The para type is a set of anus, lacking 
the eup. The medial ridge on the braehials is 
well developed on both the holotype and 
paratype. Measurements taken from latex east of 
holotype. 

Comparisons are made with species of Span- 
iocrinus and Par span iocrin us because the two 
genera are elosely related. The medium bowl- 
shaped eup of S. geniculatus is lower than that of 
either S. valid ns Wanner. 1924. S. transcaucas- 
icus Yakovlev, 1933 or Par spaniocrinus he inert i 
Strimple. 1971, all of which have tmneated 
medium cones, and S. trinodus Weller. 1 909 has a 
mueh narrow er turbinate eup. The coarse nodose 
ornament of S. validus and .S', transcaucasicus . 
the triple nodes on the radials of S. trinodus, and 
the fine granular ornament of P. heinerti , laek the 
irregular longitudinal ridges of S. geniculatus . 
Brachials of/? heinerti have a rounded exterior in 
transverse seetion, whereas braehials of S. 
geniculatus^ like the angulartransverse outline 
of S. validus. The eup and shorter braehials of S. 
geniculatus are adv anced features, probably 
deriv ed from S. validus. 
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Fig 9. SpanitxTiiin.sgciiiailaiivs sp. tun A. I!, enlarged ( y I 7) view of ray lo loft in figure Burnt lateral view of 
crow u ( >1,1). hololvpeQMI'38987. CD. c\tcriorandinteriorviewsofpartiulsc:tofanns,punitvpcQMl'39()ll. 
* 1 . 8 . 


Supcrfaniily DECADOCRINOIDEA 
Bather. 1890 

Family DECADOCRINIDAE Bather. 1890 

DIAGNOSIS Moore & Sirimple (in Moore & 
Tcichcrl. 1978: 685) gave Ihe diagnosis as: 
Crown slender Cup widely expanded, truncate 


cone or bowl shaped with small basal eoneav ily: 
five infrabasals with only distal tips at most 
visible in side view : five medium-sized basals: 
five radials w ith articular facets as w idc as plates: 
one to three anals in cup; anal sac tall, slender 
Anns ten. fonned of cuncatc um'serial brachials. 
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brandling isotomously on primibraehs 2 in 
geologically older forms, and on primibraehs 1 in 
later ones, no further branching, amis sinuous or 
zigzag in appearance, pinnules stout, tending to 
resemble ramulcs. Stem preponderantly round 
transversely and noncirrifcrous (exeept Aulo- 
crinusY 

REMARKS. The Dceadocrinidae were recog- 
nised primarily on the zigzag nature of the 10 
arms and Moore & Strimple (in Moore & 
Tciehcrt. 1978) considered them intermediate in 
evolutionary development between some of the 
genera with reetilinear uniscrial anus and some 
\v ilhbiscrial amis. Taxa with more than 10 zigzag 
anus were assigned to one of several families 
based on ami branching patterns and other eup 
features (i.c Pluinmericrinus in the 
Pachylocrinidac; Spheniscocriints in the Ampclo- 
erinidae). Using the zigzag nature of the 10 amis, 
Holcocrinus should have been assigned to the 
Deeadocrinidae instead of the Graphiocrinidac. 
Without the zigzag appearanee of the arms, 
genera assigned to the Deeadocrinidae could 
have been assigned to the Scytalocrinidac or 
Graphiocrinidac on the basis of cup shape and 
number of anals within the eup. However, exeept 
for Parascytalocrinus all seytaloerinids have a 
tnmeated eone-shaped eup. Parascytalocrinus 
was established by Kammer& Ausich(1993) for 
speeies with a low bowl-shaped eup with a flat or 
shallow basal im agination and an atomous A ray 
previously assigned to Scytalocrinus. In the same 
paper, they erected Lanecrhnis for species with 
10 zigzag amis previously assigned to Scytalo- 
crinus. This restricted Scytalocrinus to speeies 
with eonieal eups and non zigzag anus. 

If the zigzag pattern of the bracliials is looked at 
closely, most genera show that it is dominantly 
the result of a slight to moderate extension on the 
long side of the euneate braehial into a distal 
shoulder where the pinnule attaches. A node or 
blunt spine, which accentuates the zigzag 
appearanee when present, may be positioned on 
the distal shoulder adjacent to the pinnule facet 
on the outer side of the brachial Trautscholclh 
crinus laeks the zigzag appearance of the arms, 
but shows a faint zigzag pattern on the medial 
keel of the euneate bracliials. 

There is considerable difference in the length 
of the braehials in the Deeadocrinidae. The 
bracliials o[TrautsclioIciicrinus\ Zostocrinus and 
Eireocrinus arc the longest. Glaukosocrinus has 
intermediate length bracliials and all other genera 
have very short braehials. With the exception of 



FIG. 10 Glaukosocrinus midclalyacnsis sp. nov., 
posterior view of holotype QMF3888 1 , *2 . 2 . 


Decaclocrinns and Zostocrinus they branch on 
the single primibraehials. 

The genera of the Deeadocrinidae do not fit 
into an evolutionary lineage and the family is 
herein considered polyphyletie. They probably 
represent advaneed taxa evolved from several 
conservative genera within the euneate brachial 
clade recognised bv Webster (1997) or other 
rectilinear braehial genera. Revision of the 
Deeadoerinidae is beyond the scope of this study 
and should be incorporated in a revision of the 
Poterioerinina. Until such a study is completed 
the Deeadocrinidae is retained for convenience. 


Glaukosocrinus Strimple. 1951 


TYPE SPECIES. Malaiocrinus j xnviusailus Moore & 
Plummer. 1940 from the Desmoinesian Millsap Lake 
Formation, Parker County, Texas; by original designation. 
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Glaukosocrinus middalyaensis sp. nov. 

(Fig. 10) 

ETMOLOGY. From Midclalya Station, WA. 

MATERIAL. QMF3S881 from QML 1240. 

DIAGNOSIS. Crown cylindrical, with very fine 
nodose to vermiform ornamentation; cup with 
basal invagination; radial facets peneplenary; 3 
anais in cup; radianal and anal X large; single 
axillary primibrach elongate; brachials cuneate; 
large pinnules relatively short; 10? arms 
distinctly zigzag; stem round, with narrow 
crcnularium, with wide areola, with round small 
lumen. 

DESCRIPTION. Crown cylindrical, medium 
size, incomplete length 43.1mm, crushed width 
26.4mm, very fine nodose to vermiform orna- 
mentation extending onto arms. Cup medium 
bowl, shallow basal invagination, crushed length 
10mm, crushed width 20mm maximum, 8.2mm 
minimum. Infrabasals 5, small, horizontal, in 
basal invagination, not visible in lateral view. 
Basals 5, medium size, strongly convex longi- 
tudinally, moderately convex transversely, 
forming walls of basal invagination, basal plane, 
and base of cup walls. Radials 5, large, length 
8.2mm, width 9.1mm, gently convex longitud- 
inally and transversely. Radial facet peneplenary, 
deep, sloping outward strongly. Anais 3; radianal 
large, 8mm long, 6mm wide, adjoining C radial, 
CD and DE basals, anal X, and right tube plate; 
anal X pentagonal, large, 7.8nun long, 6mm 
wide, widest near distal end. Right tube plate 
elongate, 5.6mm long, 4.1mm wide, narrowest 
on proximal end, proximal 1/3 below radial 
summit. Single primibrach axillary, constricted 
medially, length 8. 1 mm, width 7.7mm, widest on 
proximal end, strongly convex transversely, 
concave longitudinally. Brachials cuneate, ap- 
proximately equidimensional, strongly convex 
transversely, straight longitudinally, with wide 
pinnule facet on alternating distal ends giving 
arms distinct zigzag appearance. Pinnules wide, 
stout, relatively short. Ambulacral groove deep 
V-shaped. Arms 10? Stem round; facet with 
narrow crenularium, wide areola, narrow round 
lumen. 

REMARKS. The crown is crushed and cup plates 
are dislocated in part. The infrabasal circlet was 
partly exposed by cleaning and barely extends 


beyond the stem facet. Only 3 basals are 
preserved and all are distorted by compaction. 
Solution weathering has destroyed most surface 
ornament except along part of the D radial, anal X 
and first tube plate. 

Glaukosocrinus middalyaensis is distinguished 
from G. parviusculus (Moore & Plummer, 1940) 
and G planus Strimplc & Moore, 1971 by the 
very fine anastomosing ornament. In addition, 
the primibrach is longer than that of G. planus. 

This is the first report of Glaukosocrinus 
outside North America and the first in the 
Permian. The peneplenary radial facets make 
relatively narrow radial notches as on the cup of 
G. parviusculus. The arm branching on the single 
primibrach and shallow basal invagination arc 
advanced features, while the 3 anais in the cup is a 
primitive feature. These features did not change 
significantly in the Late Carboniferous or Early 
Permian. 

Eidosocrinus gen. nov. 

TYPE SPECIES. Eidosocrinus comfamincnsis sp. nov. 
from the Condamine Beds. Elbow Valley area, near 
Warwick, SE Queensland. 

ETYMOLOGY. Greek cidos. fonn orlikeness, an dkrinon, 
lily; refers to the types* based on latex casts. 

DIAGNOSIS. Crown cylindrical; cup low 
bowl-shaped, base invaginated, one anal, with 
single axillary primibrachs of differing lengths in 
different arms, cuneate brachials, 1 0 anus zigzag, 
coarse horn like nodes or blunt spines on the 
basals, radials, and distal tips of all brachials, fine 
granulate ornament on basals and radials. 

REMARKS. Mild to moderate tumidity of cup 
and arm plates in the Poteriocrinina is known in 
Spheniscocriuus and Crotnyocrini/s , among 
others. Likewise, coarse nodes or blunt spines on 
the axillary brachials are developed on the Pir- 
asocrinidae ( Pirasocriuus , Sciadocritius) and 
Zcacrinitidae ( Tliolocriuus ), among others. Tri- 
cevacviints (assigned to the Pirasocrinidae) has 
coarse horn-like nodes on the basals, radials and 
primibrachs (similar to those of Eidosocrinus ), 
but lacks the nodes on the very short, weakly 
cuneate secundibrachs that have a medial 
transverse ridge. Thus, the ornamentation of 
Eidosocrinus is a distinguishing character. 

The differing length from ray to ray of the 


FIG. 1 1 . Eidosocrinus condaminensissp. nov. A, lateral view of disarticulated partial crown, paratype QMF38904, 
x 2.6. B, basal view of slightly disarticulated crown, paratype QMF38903, *2.7. C,D, basal (*2.2) and B ray 
(xl.8) views of holotype QMF38902. E, internal view of posterior interray, paratype QMF38905, *4.3. 
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axillan pnmibrachs of Eidosocrnuis is found in 
several Scy talocrmidae. Aphelecriindac. Graph- 
locrinidac. among oilier poteiiocrininids This 
feature is considered intermediate between 
branching above the first primibrach and on the 
single pmnihrach Combined w ilh features of the 
cup it may reflccLa closer ev olutionary relation- 
ship of the Scytalocrinidae, Aphelecrinidac and 
Decadocriuidae than with the rectilinear brach- 
ials of the Stachy ocrinidne. 

Eidosocrinus condaminensis sp nov 
(Fig. in 

I ITMOLOGY. Front the Condaiiunc Hods. 

VIA I l.RI/Vl .. HOlOIYPE: QMF389U2 Ironi QML518 
PARATYPES: QMF3S90.V*89U5. same. 

DIAGNOSIS, As for genus. 

DESCRIPTION. Crown incomplete >4 1mm 
preserved, cylindrical, ornament of single coarse 
hom-Iike node or blunt spine on all basal, radial 
and brachial plates. Cup low bowl-shaped. 
17.8mm wide, 8.8mm long, base invaginated. 
finc granular ornament. Infrabasal circlet small. 
5.1 mm diameter, subhorizontak not visible in 
lateral view. Basals 5. 4,5mm long. 5 5mm wide, 
strongly tumid, outflarcd. forming base of cup 
and walls. Radials large. 5irtrn long. 7.5mm w ide. 
strongly tumid, slightly flaring, forming most of 
cup wall. Radial facet plenary, subhorizontak 
slightly concave transversely, deep, with elevated 
transverse ridge on central 1/5. deep elongate 
ligament pit. w ide outer margin. Primanal large. 
4mm long. 4.7mui wide, very tumid, abutting 
distallv terminated posterior basal, proximal 1/2 
in line of radials. distal 1/2 projecting above 
radial summit, distallv adjoined by 2 anal tube 
plates. Single piiniibrachs axillary in all rays, A 
ray longest (S. 5mm). C ray intermediate (greater 
than 4.7mm). B and E rays shortest (4.9mm), 
strongly convex transversely, concavo-convex 
longitudinally, hourglass-shape in exterior view 
SecLindibrachscuncate. approximately as wide as 
long. deep, strongly convex transversely, straight 
proximalh becoming convex distallv, node 
adjacent to pinnule facet on long side. Branching 
isotomouslv. 10 arms. Stem round, 
hctcromorphic: noditaxis pattern Nl. Cohminals 
moderately long, crenularium narrow , lumen 
small circular?, latus roundly convex on nodals. 
gently convex on intemodals. 

REM ARKS. Descript ion of EkhsocrUnts condo- 
minensis is based on the casts of all types because 
no specimen is complete. Measurements made on 



FIG 12. A.B, Roindooinus praecontignatux Arcndt, 
1981. oblique lateral and lateral views of cup 
QMF38910. *5.2. C. Pedlnocrinns? tiodasus sp. 
nov., C-D interray v iew of holotypeQMF38906.with 
E. prcie continual use up on arms in upper right * 1 .7. 

the holotypc. The holotype has part of the D. A, 
B. and C rays; some cup and arm plaics arc 
dislocated slightly. The infrabasal circlet, D-E 
basal plate. E ray. and anal are lost through 
weathering. A poorly preserv ed pluricolumnnl in 
alignment with, directly below, and 6mm from 
the cup is probably part of the stem. It is round. 
2 2mm diameter, heteromorphic (noditaxis 
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pattern N 1 ) with moderately elongate columnals. 
Paratype QMF38903 is crushed, all cup plates are 
slightly dislocated, the proximal columnal nearly 
eovers the infrabasal circlet, and only the prox- 
imal part of the E and A rays are preserved. 
Paratype QMF38904 j s also crushed and retains 
part of the cup, proximal eolumnals, and primi- 
brach of one ray. Paratype QMF38905 is an 
internal and external mould of a cup showing the 
basals, radials, anal, and C ray primibrach. The 
fine granular ornament is preserved on some cup 
plates of all 4 specimens. 

Tentative assignment of Eidosocritms conda- 
minensis to the Decadocrinidae is for convenience 
and based primarily on the zigzag nature of the 
arms. 

Superfamily LOPHOCRINOIDEA 
Bather, 1 899 

Family STELLAROCRfNIDAE Strimple, 1961 

Pedinocrinus Wright, 1951 

TATE SPECIES. Pachylocrinus clavatm Wright, 1937 
from the Early Carboniferous, Toumaisian, Lower 
Limestone Group, Scotland; by original designation. 

Pedinocrinus? nodosus sp. nov. 

(Fig. 12C) 

ETYMOLOGY. Latin nodus, nodes; refers to the nodose 
ornament of the cup and proximal brachials. 

MATERIAL. HOLOTYPE: QMF38906, ftomQML5l8. 

DIAGNOSIS. Crown flaring distally, cup low 
bowl-shaped, 3 anals, coarse nodose ornament 
continuing onto proximal brachials, 1st primi- 
brach, 8th secundibraeh and 9th tertibrach 
axillary; bulbous legmen; stem round, hetero- 
morphic. 

DESCRIPTION. Crown moderately large, 
47.7mm long (incomplete), 42.3mm wide (still 
expanding), pear-shaped, amis flaring. Cup low 
bowl, 20mm wide (incomplete?), 6.5mm long 
(estimate), base invaginated. Coarse nodose 
ornament on all cup plates, primibrachs and 
proximal 3-4 secundibrachs; all axillary 
brachials above primibrachs nodose or bearing 
short blunt spines. Infrabasal circlet not exposed, 
within impressed basal cavity. Basals relatively 
small, 4mm long, 4.8mm wide, tumid, moder- 
ately convex longitudinally and transversely, 
subhorizontal to gently upflared. Radials largest 
cup plates, 3.6mm long, 8.8mm wide, moder- 
ately convex transversely, strongly convex 
longitudinally. Radial facets plenary. Anals 3, 
moderately large; radianal in CD interray, 


supporting both rectangular anal X and right tube 
plate directly above in radial eirclet. Braehials 
cuneate, uniserial to biserial, strongly convex 
longitudinally and transversely, sutures impress- 
ed, one pinnule on widest side. In C ray 1st 
primibrach, 8th secundibrachs, and 9th terti- 
brachs axillary, probably 1 or 2 additional 
branchings distally. All branching isotomous, 
minimum of 40 arms if all rays branch as in C ray. 
Anns flare moderately laterally. Anal tube large, 
probably bulbous, formed of many small poly- 
gonal plates. Stem round, heteromorphic; 
noditaxis of N212 or N1 in proximal 20mm 
preserved. Columnals with strongly convex latus. 

REMARKS. The external mould of Pedino - 
criimsl nodosus preserves part of the posterior 
side of the cup, the proximal parts of the C and D 
rays including some quartibrachs and tegmen 
plates. Cup plates arc partly dislocated with the C 
radial nearly covering the right tube plate. The 
cup is covered by a cladoporid coral in part. All 
measurements are approximate, from latex casts. 

At first glance P.? nodosus appears to resemble 
Plaxocrimis , Tholocriniis and Hydreionocrimis , 
all of which have moderately large Haring crowns 
with a low bowl-shaped or discoidal eup, axillary 
brachials bearing short spines or blunt nodes and 
large inflated tegmens. However, these laxa are 
placed in different familes based on the number 
of anals in the cup, type of brachials, and arm 
branching patterns. These taxa range in age from 
Early Carboniferous into the Late Permian and 
represent heteromorphic evolution within 
different lineages of the poteriocrininids in the 
late Palaeozoic. 

Lacking ornamentation this specimen would 
be placed in Pedinocrinus without question. 
Arguments could be made for erecting a new 
genus for P.7 nodosus. However, we do not 
believe that ornament alone is sufficient for 
establishing a new genus. The significant time 
gap between the Toumaisian P. clavcitus (Wright, 
1937) and the Artinskian P.? nodosus suggests 
Pedinocrinus may be a holdover in Australia. 
The eoarse nodose ornament on the cup plates 
and proximal brachials of P.? nodosus should 
assist future recognition. 

Stellarocrinid? gen. et sp. nov. 

(Fig. 13C) 

MATERIAL. UQF1221 1 A, firnn QML518. 

DESCRIPTION. Cup unknown. Arms broad, 
widespread. Brachials uniserial, 4.6mm long, 
1 1.5mm wide, mildly cuneate, deep, with eoarse 
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nodose ornament; with very large blunt node 
elongated parallel to arm length on inner side of 
long end, with notch for pinnule facet on outer 
side of short end. Ambulacral groove large, 2mm 
wide, V-shaped, joined by side grooves from 
short end of brachials. C and D ray arms 
branching isotomously on single primibrach, 
may branch again distally. Branches widely 
flared laterally. Tegmen formed of several in- 
flated small (3.6mm diameter) to medium sized 
(7mm diameter) polygonal plates adjacent to 2 
inflated very large orals ( 1 1 mm diameter) at base 
of large anal tube ( 1 9mm diameter). Base of anal 
tube formed of 5 columns of vertically stacked 
plicate hexagonal plates (5.6mm long, 6.4mm 
wide); anal tube length unknown. Additional 
columns of tegmen plates not preserved, 
estimated minimum of 4 or 5 present. Smaller 
(3.6mm long and wide) anal tube plates projecting 
outward from the 3rd row of tube plates. 

REMARKS. The specimen is an external mould 
of the oral surface of a large partial crown con- 
sisting of pails of 7 arms probably belonging to 5 
rays. The 2 anus of the C and D rays branch close 
to the tegmen and the ambulacral groove of each 
of the 2 adjacent arms (B and E rays) join the 
ambulacral groove of the C and D rays before 
passing into the interior of the tegmen. It could be 
proposed that each of these sets of 3 aims are part 
of 1 ray, which would require 2 more rays behind 
the tegmen and not preserved. This is not likely 
with the excellent preservation and spacing of the 
arms. The 7th arm, the A ray, is undivided on the 
preserved part. The distal end of the E ray is 
regenerated, as distal brachials are much smaller 
than proximal brachials. The first brachial of the 
regenerated section is axillary. All arms probably 
branch again distally. All measurements are ap- 
proximate, taken from a latex east. 

Although pinnules are not preserved their 
presence is presumed because notches for their 
attachment are present on the outer side of the 
brachials and a large U-shaped ambulacral 
groove along the short end of the brachial adjoins 
the main ambulacral groove. Attachment of the 
pinnules to the short end of the brachials is an 
exception to the normal attachment on the long 
end. Both the development of the large nodes on 
the inside of the long end of the brachial and the 
pinnule attachment on the short end are 


considered evolutionary developments of the 
specimen, not known in other poteriocrininids. 

The small anal tube plates projecting laterally 
from the anal tube probably represent the distal 
parts of a recurved anal tube. The plates are 
slightly disarticulated and adjoined more distal 
plates that are not preserv ed. 

The specimen represents a new genus but is 
considered inadequate to serve as a holotype, 
lacking the cup. It is assigned to the stellaro- 
crinids because the laterally projecting arms 
spread widely, structure of the large elongate anal 
tube, presumed branching pattern of the arms, 
and cuncate brachials bear coarse ornamentation. 
These are all features of the stellarocrinids. 

Family SUNDACR1N1DAE 
Moore & Laudon, 1943 

Sundacrinus Wanner, 1916 

TYPE SPECIES. Sundacrinus gnmulat us Wanner, 1916 
from the Permian Basleo Beds, Timor; by original 
designation. 

Sundacrinus medius sp. nov. 

(Fig. 13A,B) 

ETYMOLOGY. Latin medius , middle; refers to the cup 
shape intemnediate between that of 2 previously described 
species. 

MATERIAL. QMF38908 from QML518. 

DESCRIPTION. Crown medium size, pear- 
shaped, 32.4mm long (incomplete), 19.6mm 
wide. Cup medium to high bowl-shaped, 13mm 
long, 1 8.6mm wide at radial summit, base gently 
upflared, all plates very thick with coarse nodose 
ornament grading into irregular anastamosing 
ridges. Infrabasnl circlet large, 9.5mm diameter, 
gently upflared, visible in lateral view. Basals 
largest plates in cup, gently convex longitudinally 
and transversely, widely flaring, of variable size 
and shape; posterior basal hexagonal, 7.5mm 
long, 8.4mm wide, adjoining radianal, BC basal, 
infrabasals, CD basal, D radial and anal X. Radials 
large, 6.5mm long, 7.5mm wide, subvertical to 
slightly incurved distally, weakly convex longi- 
tudinally and transversely. Radial facet plenary, 
strong outward-downward slope. Two pentagon- 
al anals in cup; radianal largest, adjoining C 
radial, BC and CD Basals, anal X. and first tube 
plate, distal tip projecting slightly above radial 
summit; anal X adjoining radianal, CD basal, D 


FIG. 13. A,B, Sundacrinus medius sp. nov., posterior and D ray views of holotype, QMF38908, x2.6. C, 
Stellarocrinid? gen. ct sp. nov., oral view of tegmen and amis, UQF 1 22 1 1 A, * I . D, Moapacrinus ameatus sp. 
nov., posterior view of slightly disarticulated crown, holotype, QMF38909, * 1 .9. 
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radial, D primibrach, and overlying tube plate, 
distal 1/3 above radial summit. D ray primibrach 
elongate, straight longitudinally, strongly convex 
transversely, may be axillary. Sccundibrachs 
cuneatc uniserial, elongate, deep, straight longi- 
tudinally, strongly convex transversely, with 
wide V-shaped ambulacral groove. Anal tube 
stout, projecting above cup, formed of thick hex- 
agonal plates of uncertain structural pattern, 
probably laterally interlocked stacked columns, 
length unknown. Stem round transversely, 
4.5mm diameter, hetcromorphic, of variable 
noditaxis pattern in 24mm length preserved, at 
least 4 distinct sizes of columnals; latus mod- 
erately to strongly convex. 

REMARKS. This partial crown consists of a 
slightly crushed cup below a jumbled pile of 
dislocated brachials and anal tube plates. It is 
assigned to Snnclacrinus based on cup shape, 
thick plates, plenary radial facet sloping outward- 
downward and irregular shape of cup plates. 

Sundacrinus medius has a cup shape inter- 
mediate between the conical cup of S. triangulus 
Wanner, 1924 and the bowl-shaped cups of S. 
granulatus Wanner, 1916 and S. vastus Wanner, 
1924. The elongate cup of S. e/ongatus is much 
more slender than that of S. medius. Moore ct al. 
(in Moore & Teichert, 1978) recognised that the 
number of anals in Sundacrinus varied, reporting 
1, rarely 2. However, there arc 2 in S. cf. vastus 
(Wanner, 1937, pi. 10, fig. 25) and 3 in S. tvi - 
angulus (Wanner, 1937, pi. 10, fig. 21). Thus 2 
anals in S. medius is intermediate. 

This is the first report of the anal tube of Sun- 
dacrinus and the first report of the genus in 
Australia. It provides additional support for inte- 
connections of E Australia and Timor. 

Superfamily CROMYOCR1NOIDEA 
Bather, 1890 

Family CROMYOCR1NIDAE Bather, 1890 

Moapacrinus Lane & Webster, 1966 

TYPE SPECIES. Moapacrinus rotundatus Lane & 
Webster, 1966 from the Artinskian part of the Bird Spring 
Formation, Nevada; by original designation. 

Moapacrinus cuneatus sp. nov. 

(Fig. 13D) 

ETYMOLOGY. Latin cuneatus , wedge-shaped. 

MATERIAL. HOLOTYPE: a crushed, partly dis- 
articulated, partial crown, QMF38909 from QML518. 

DIAGNOSIS. Crown elongate, cup medium 
bowl-shaped, shallow basal invagination, sutures 


impressed, coarse nodose ornament, single large anal, 
axillary 1st primibrach, bracliials strongly euneate. 

DESCRIPTION. Crown elongate, 46.2mm long, 
incomplete. Cup medium bowl-shaped, 7.6mm 
long, 16mm wide, shallow basal invagination, 
sutures impressed, coarse nodose ornament, 
slightly incurved at radial summit. Infrabasal 
circlet not visible in lateral view. Basals large, 
5.3mm long, 6.7mm wide, strongly convex 
longitudinally and transversely, forming base of 
cup and lower part of cup wall. Radials of 
intermediate size, 4.8mm long, 8.1mm wide, 
moderately convex longitudinally and trans- 
versely, subvertieal. Radial facet plenary, deep; 
transverse ridge slightly concave externally; liga- 
ment pit elongate, deep; narrow outer margin; 
muscle fields large, intermuscular furrow shallow. 

Single anal large, 4.5mm long, 5.2mm wide, 
directly above posterior basal, distal 2/3 above 
radial summit. Single primibrach axillary. Brach- 
ials uniserial, strongly euneate, gently convex 
longitudinally, strongly convex transversely; 10 
arms. 

REMARKS. Moapacrinus cuneatus has wedge- 
shaped brachials and is ornamented with coarse 
nodes, whereas other species of the genus have 
rectilinear brachials and lack coarse nodose 
ornament. Pabian & Strimple (1993) reported 
fine granular ornament on M. elexensis Pabian & 
Strimple, 1993 known only from a cup. Only the 
posterior 1/2 of the cup of M. cuneatus is 
exposed; the C and D ray arms arc dislocated and 
brachials partly disarticulated. 

This is the first report of Moapacrinus outside 
North America, the first record of a cromyocrinid 
in E Australia, and the youngest cromyocrinid 
known, Cromyocrinids are common in late Pal- 
aeozoic faunas of the Mideontinent and Rocky 
Mountain regions of the USA. Pabian etal. (1989) 
reported the cromyocrinids in their ‘Terrigenous 
Facies Belf, implying some clastic sediment 
entering the living environment. Webster & 
Houck (1998) noted that cromyocrinids dom- 
inate Late Carboniferous faunas in intermontane 
basin settings of the Rocky Mountain region. 
Although carbonates dominated the environment, 
some sand size clastic sediment was deposited 
wherein the cromyocrinids were living. Thus, a 
cromyocrinid was probably well adapted for 
living in the mudstone environment of the Con- 
da mine Beds. 
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FIG. 14 A, B, Pambursacrinus grcuwlalus Wanner. 

1949, D ray and basal views of crushed crown 
QMF38882, *3.2 FIG 15 A.B, Tmiorechmid gen indet . lateral views 

of partial set of arms QMT38883, x3.3. 

Family INDOCR1N1DAE Strimplc, 1966 




Eoiiulocrinus Arendt, 1981 

1 YPE SPECIES. Eoimioctii jus pmerimosus Arendt, 1 98 1 
from the late Artinskicin Saiginsk Horizon, Ural Mts, by 
ongmal designation 

Eoindocrinus praecontignatus Arendt, 1981 
(Fig 12A,B) 

MATERIAL External mould of cup, QMF3S910 from 
QML518 

REMARKS This small cup (5.4mm long, 5.8mm 
wide), on the arms of Pedinocrinusl nodosus. is 
oriented on its side with the C-D basal centred, 
the basal circlet upturned and the oral rim crushed 
downward (not visible) The large stellate ridge 
ornament converges in the centre of the basals 
and forms triangles across adjacent plates. 
Smaller inflated triangles are formed within these 
at the apices of triple plate junctions A ridge 
junction also occurs on the radianal which 


supports the right tube plate distally and is 
adjacent to anal X. 

A specimen of li praeconiignalits from the 
Wandagcc Sandstone of Western Australia has 
partly developed secondary ridges forming a 
secondary triangle within the primary ridge 
tnangle (Webster, 1990), The Condaminc and 
Wandagce forms arc considered conspecific w itli 
variation in ornament comparable to that in E 
praecontignaius from the U rals (Arendt. 1981). 

Superfamily ZEACRINIT01DEA 
Basslcr & Moodcv, 1943 
Family ZEACRINIT1DAE 
Basslcr & Moodey, 1 943 

Parabursacrinus Wanner, 1924 

TYPE SPECIES, Bursacnnus pwcenis Wanner, 1916 
from die Basleo Beds, Timor, by ongmal designation. 




FIG. 16. A,B,PotenocrmiUdmdet. 5 anns I. A, lateral view ofQMF38885,x3. 2. B r lateral view ofQMF38884, 
>>3.1 C,D, Poteriocrmitid mdet., anus 3, interior ( *3) and exterior ( *4) lateral view s of QMF38887, *4. 
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Parahu rsacrinus granulatus Wanner. 1 949 
(Fig. 14) 

MATERIAL QMF38882 from QML1232. 

REMARKS. Tins small crown is probably an 
immaturcoryoungadult It is crushed against the 
C-EAaxis. infrabasals and basals arc not visible 
and distal parts of the arms arc lost The single 
anal projects 1/2 above the radial summit. Anns 
all bifurcate on the 1st primibrach. Granulosc 
ornament continues onto the rectilinear brach- 
lals Heteromorphic proximal stem columnals 
are round in section. 

Family TIMORECH1NIDAE Jackcl. 1918 

Timorechinid gen. indet. 

(Fig. 15) 

MATERIAL QMF38883 from QML1237 

DESCRIPTION. Arm fragment incomplete, 
slender. 32mm long. 1 3.5mm wide, parts of . or 
possibly 4 rays present Arms 3. slender. 
Brachiais uniserial, rectilinear, gently convex 
longitudinally, moderately convex transversely. 
Isotomous branching on 4th and 5lli bracluals. 
again on 4th and 5 th brachiais on outer 1/2 of arm. 
probably' endotomous. Pinnules and ambulacral 
groove not visible 

REMARKS. This specimen has the arms 
enclosed, is crushed, and probably represents 
parts of 3 rays The main part visible is judged to 
represent 1 ray which had bifurcated isotoniously 
below the preserved part. As intcqrrcted there arc 
6 arms in the ray. total of 30 anus if all ray s 
bifurcate uniformly. Bracliials and arm brandling 
pattern of lliis ty pe occur in Notiocrinus and 
Parab ursacrin us o f the Timorechmidaeto which 
the specimen is referred. 

Poteriocrinitid indet . anus 1 
(Fig. 16A.B) 

MATERIAL QMF38884 and 38885 from QML1237 

DESCRIPTION. Fragment 1 Amis slender, elongate: 
fragment 29.2mm long. 1 9.4mm w ide, incom- 
plete, including medial portions of a minimum of 
16 arms with one additional distal brandling on 
most arms Brachiais rectilinear to moderately 
cuneatc. gently convex longitudinally, strongly 
convex transversely. Axillary bracliials strongly 
protruded. One slender pinnule per brachial on 
alternate sides of arm. All brandlings isotomous. 
but only branch on one half of ann distallv, 
probably endotomous. 



FIG 1 7 Poteriocrinitid indei , amis 2, lateral view of 
QMF388S6, *1,8 


Fragment 2. 32mm long, 14mm wide, 
incomplete, medial portions of a minimum of 9 
arms. Description as for fragment 1 . 

REMARKS. These 2 fragments may belong to a 
single specimen as they w ere found w ithin 1 5 cm 
of one another. They are the medial and distal 
parts of llic anus and. if from 1 specimen, there 
were a minimum of 40 arms. In the enclosed 
position the anus have a jointed or knotted ap- 
pearance at the branchings, similar to those of 
several poteriocriuitids, such asAbmlocrinus and 
Anchicrinus 

Poteriocrinitid indet.. arms 2 
(Fig. 17) 

MATERIAL QMF38886 from QML1240. 

DESCRIPTION. Partial set of anus 53.8mm long. 
39.5mm wide, incomplete, arms unbranchcd. 
loosely parallel. Bracluals medium size, mod- 
erately cnucate. straight to weakly convex 
longitudinally, roundly convex transversely, with 
pinnule on long end. ambulacral groove shallow, 
rounded V shape. 
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FIG. 19. Polerioeriiiilidindel., 
arm fragment 1, camera 
lucida sketch of exterior 
surface of 4 brachials shown 
m Fig. ISC, -3. Similar 
parallel ruled sections are 
external parts of a single 
brachial. 

sides of the specimen. It is 
not known if the A ray w as 
unbranched and there w ere 
only 9 arms or a 10th ami 
was lost with weathering. 
These amis are similar to a 
number of potcriocrinitids. 
especially sonic seylnlo- 
erinids and deeadoerinids. 



Poteriocriuitid indet.. 
arms 3 
(Fig. 16C.D) 


FIG. 1 8. A-C\ Potenocrinilid indel.. arm fragment I , oral, lateral and exterior 
views, QMF3891 F ■ 2.5. 


REMARKS. The arms have a slight zigzag 
appearance as a result of w eathering, especially 
the long pinnule bearing end of the brachials with 
greater relief Where there is little w eathering the 
zigzag is slight. Nine arms are present on the 2 


MATERIAL QMF38SS7 from 
QMIJ237. 

DESCRIPTION. Ann frag- 
ment 30mm long. 1 7.9mm 
wide, with parts of 10 
unbranched arms. Arms 
slender Brachials imiserkiF 
strongly cuucatc. gently 
convex longitudinally 
strongly convex trans- 
versely, Ambulacra! groove 
wide, open rounded V- 
shaped. Otic slender 
pinnule per brachial on 
long end. 

REMARKS. The specimen represents the distal 
pail of a minimum of 10 amis, w hich may rep- 
resent only 1/2 the arms of the specimen as the 
pinnules and interior of the anus arc visible on I 
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side of the small slab, the exterior of 4 arms on the 
other side and some arms between these are 
visible in end view. 

Poteriocrinitid indet., arm fragment 1 
(Figs 18, 19) 

MATERIAL QMF38911 fromQML518. 

DESCRIPTION. Fragment, very large 29.2mm 
long, 25.2mm wide, 10.5mm deep, consisting of 
8 brachials. Single brachial 7.8mm long, 25.2mm 
wide, 10.5mm deep. Brachials uniserial but ap- 
pearing biserial (=pseudobiserial). In exterior 
view each brachial divided into 2 parts; larger 
pentagonal section borders 2 adjacent brachials 
in middle of arm in apparent biserial interlocking 
fashion, sides adjoining 2 pentagonal sections of 
alternate brachials, end forming ami margin with 
pinnule facet; smaller section triangular, longer 
isosceles sides tapering toward centre of ami, ad- 
joining adjacent brachials on either side, shorter 
3rd side forming ami margin with pinnule facet. 
Both sections convex longitudinally and 
transversely, continuous beneath the 2 adjacent 
brachial sections. Interior convex with central 
small V-shaped ambulacra 1 groove. 

REMARKS. These brachials are the largest 
known for Palaeozoic crinoids, the only known 
pseudobiscrial form, and one of the few bipin- 
nular forms, bearing one pinnule on each end of a 
compound brachial. The bipinnular condition of 
Zeacrinus is a minimal fomi of hyperpinnulation. 
Hyperpinnulation, in which multiple pinnules are 
present on both sides of the amis, developed in a 
few camerates ( Briarocrinus , 4 per brachial, 2 on 
each side) and poteriocrinitids ( Cupressocrinites , 
6 or 8 per brachial. 3 or 4 on each side; Neo- 
zeacrinus , 4 per brachial, 2 on each side). 
Hyperpinnulation is thought to have developed 
by fusion of adjacent brachials (Ubaghs in Moore 
& Teichert, 1978). 

Development of the pseudobiserial form 
requires overlapping of the 2 adjacent brachials, 
as well as the bipinnular condition. The following 
possible origins are suggested. First, that they 
evolved by fusion of 2 cuncatc uniserial brach- 
ials, one becoming the shorter end and the other 
the longer end, each bearing a pinnule, with simul- 
taneous overgrowth of the 2 adjacent brachials. 
Second, that they evolved from biserial brachials 
in which 2 pinnule bearing brachials fuse at the 
midline with the simultaneous overgrowth of the 
2 adjacent brachials. Third, that they evolved 
from cuncatc brachials with development of a 
pinnule on the short non pinnule bearing end of a 


brachial, concurrent with overgrowth of the 2 
adjacent brachials. The 1st or 2nd origin is most 
likely as the 3rd requires redevelopment of a 
pinnule on a non pinnule bearing end of a brachial. 

Although no pinnules arc attached to the brach- 
ials, 2 ossicles adjacent to the arm fragment are 
pinnulars, both with the wide V-shaped ambu- 
lacral goove exposed. The largest is 5mm long, 
5mm wide and 3.5mm deep; the ambulacral 
groove is 1.5mm wide and 0.6mm deep. Their 
size and association with the arm fragment 
suggest that they belong to 1 species. 

Poteriocrinitid indet., arm fragment 2 
(Fig. 20B,C) 

MATERIAL. QMF38912 from QML518. 

DESCRIPTION. Ann large, 59mm long (incom- 
plete), unbranched. Brachials large, (proximal 
brachial 4mm long on wide end, 7mm deep, 
estimated 8mm wide) strongly cuneate, biserial 
proximally, uniserial distallly, straight to gently 
convex longitudinally, strongly convex trans- 
versely, with large pinnule on wide end, 
ambulacral groove large. V-shaped. Proximal 
pinnule 3mm long, 4mm deep, concave longi- 
tudinally, strongly convex transversely. More 
distal pinnules slender, elongate, concave longi- 
tudinally, strongly convex transversely. 

REMARKS. This arm fragment is curved back- 
wards in a feeding or death posture. Pinnules are 
larger than brachials of many crinoids. It 
probably belongs to an unknown poteriocrininid. 

Poteriocrinitid indet., ami fragment 3 
(Fig. 20A) 

MATERIAL QMF39013 from QML518. 

DESCRIPTION. Brachials large, 3.3mm long, 
4.8mm wide, moderately cuneate, slightly convex 
longitudinally, strongly rounded transversely, 
coarse nodose ornament; single pinnule on long 
end, pinnulars slender, elongate. Anal tube slender, 
formed of irregularly arranged polygonal plates 
with coarse nodose ornament; basal plate of tube 
with sharply pointed centrally expanded spine. 

REMARKS. The nodose ornament is randomly 
distributed externally with up to 20 on a single 
brachial. Nodose brachials occur in several 
Condamine fauna species. Nodes are more num- 
erous and smaller on Poteriocrinitid indet., ann 
fragment 3 than on Pedinocrimis ? nodosus and 
coarser than on Poteriocvinitesl smithii 
Etheridge, 1892. 
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FIG. 20 A, Poteriocrinitidindet.,ami fragment 3, lateral view. QMF39013, *2. B,C, Poteriocrinitidindet .arm 
fragment 2, counterpart lateral views, QMF3S9I2, x I 7 


Subclass FLEXIB1LIA Zittcl. 1895 
Order SAGENOCRIN1DA Springer, 1913 
Superfamilv LECANOCRINOIDEA Springer, 

1913 

Family MESPILOCRINIDAE Jackel. 1918 

Loxocrinus Wanner. 1916 

TYPE SPECIES, loxocrinus globulus Wanner, 1916 from 
die Basleo Beds, Timor, by original designation 


Loxocrinus booni Marcz Ovens, 1 940 
(Fig. 2IE.F) 

MATERIAL QMF38888 from QML759 

REMARKS. TIus partial cup consists of the D 
and E radials and distal tip of the DE basal, if the 
A radial is symmetrical. The cup is low bowl- 
shaped with the infrabasals probably not visible 
in lateral view It is slightly abraded and 
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encrusted with bryozoans. Radial facets of the 
short, thick radial plates are shifted to the right 
of centre with the left shoulder wider than the 
right. The facets are concave, deep with a 
narrow rim of crenulae and culmina along the 
rounded outer edge: other details of the surface 
are lost by solution or covered by encrusting 
organisms. 

Only L. booni has a low bowl-shaped cup with 
the infrabasals not visible in lateral view, as the 
other 2 species, L. globulus Wanner, 1916 and L. 
dilatatus Wanner, 1916, are globose with the 
infrabasals visible in lateral view. 

Loxocrinus sp. 1 

(Fig. 22A) 

MATERIAL. QMF38889 from QML757. 

DESCRIPTION. Radial small, 5mm long, 5.1 mm 
wide, thick, proximally straight longitudinally, 
distally incurved, moderately convex trans- 
versely, fine granular to vermiform ornament; 
shoulders extended longitudinally, left shoulder 
wider than right, both wrapping around radial 
facet to ambulacral groove. Radial facet angust- 
ary, skewed right of centre, elliptical in outline, 
concave with marginal rim; transverse ridge 
aboral of centre, low; ligament pit in centre of 
radial, small, transversely elongate; outer margin- 
al area crcscent-shapcd; muscle areas large, with 
irregular surface; ambulacral groove moderately 
wide V shaped, confined to adoral edge of facet. 

REMARKS. If the radial facet of Loxocrinus sp. 
2 were horizontal, the radial sloped inward for its 
entire length. Most likely the radial facet sloped 
downward, outward and the proximal part of the 
radial was vertical with the distal part curving 
inward. The shoulders left small obvious notches 
between arm bases. The specimen is the D or E 
radial if the A radial is symmetrical. 

Loxocrinus sp. 2 

(Fig. 22B,C) 

MATERIAL. QMF38890, 38891 from QML758. 

DESCRIPTION. Radial small, thick, proximally 
straight longitudinally, distally incurved, mod- 
erately convex transversely, unornamented; 
shoulders extended longitudinally, left shoulder 
wider than right, wrapping around radial facet to 
ambulacral groove, right shoulder terminating 
against radial facet adoral of transverse ridge. 
Radial facet angustary, skewed right and left of 
centre, nearly circular in outline with extended 
right side muscle area, concave with marginal 


rim; elevated transverse ridge 3/4 of distance 
aboral of facet; ligament pit aboral of centre of 
and culmina on aboral 1/2: muscle areas large, 
irregular surface; ambulacral groove moderately 
wide V-shaped, notched into adoral 1/4 of facet. 
QMF3889 1 8. 1 mm long, 7.6mm wide; QMF38890 
8.2mm long, 10.1mm wide. 

REMARKS. Orientation of Loxocrinus sp. 2 would 
have been very similar to L. sp. 1 . The two forms 
arc distinguished by the lack of ornamentation on 
L , sp. 2. They both differ from L. booni by being 
much longer. QMF38891 is the D or E radial, if 
the A radial is symmetrical, as the facet is skewed 
to the right and the facet shows evidence of 
solution weathering. QMF38890 is the B or C 
radial with the facet skewed to the left. 

Family PROP1 1 YLLOCRINIDAE Moore & 
Strimple, 1973 

Prophyllocrinus Wanner, 1916 

TYPE SPECIES. Pmphy 'llocrinus cientatus Wanner, 1916 
from the Basleo Beds. Timor; by original designation. 

Prophyllocrinus sp. 1 

(Fig. 21 A) 

MATERIAL, QMF38892 fr om QML758. 

DESCRIPTION. Radial medium size, 10.8mm 
long (incomplete), 1 0.4mm wide, medium depth, 
proximally straight longitudinally, distally 
incurved, moderately convex transversely, fine 
granular ornament; shoulders greatly extended 
longitudinally, left shoulder wider than right, ex- 
tending slightly beyond radial facet, right 
shoulder broken off, probably terminating against 
distal end of radial facet. Radial facet angustary, 
skewed right of centre, elongate U-shaped, con- 
cave with marginal rim; elevated transverse ridge 
3/4 aboral length of facet; ligament pit small, 
centre of radial; outer marginal area crescent- 
shaped; muscle areas large, shallowly concave; 
ambulacral groove deep, wide V-shaped, notched 
into adoral 1/2 of facet. 

REMARKS. Solution etching has destroyed the 
proximal edge of the radial and some surface 
features of the transverse ridge and ligament pit 
of the radial facet. The right shoulder and a small 
piece of the left edge of the outer margin of the 
radial facet were broken off. The long U-shaped 
radial facet readily distinguishes the specimen 
from those of Loxocrinus and allies it with Pro - 
pltyllocrinus. Breakage suggests a very short 
right shoulder, a character of Pvoapsiocvimis and 
Aucistvocrinus. 
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FIG 21 A,Pmphyllocruiussp. 1, lateral view ofradialQMF38892, *5. 7. \l,C,Propltyllocrimissp.2. B, lateral 
vieof radial QMF38893, *4.4. C, lateral view o f radial QMF 38894, *4.1 . IX Pmplnilocriimssp 3, lateral view 
of radial QMF38895, x 9 2 E,F, Loxocrinus boom Mare/. Ovens. 1 940, oral and lateral views, QMF38888, 
x5 5 


Prophv llocrinus sp. 2 

(Fig. 21B.C) 

MATERIAL Radials QMF38893 from QML758 mid 
QMF38894 from QMI.757. 


DESCRIPTION. Radial medium size and 
thickness, proximally straight longitudinally, 
distally incurved, moderately conv ex transversely, 
no ornament; shoulders greatly extended 
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longitudinally, left shoulder longer than right, 
both terminate against distal end of radial facet. 
Radial facet angustary, skewed right of centre, 
elongate IJ-shapcd, concave with marginal rim; 
elevated transverse ridge 3/4 aboral length of 
facet; ligament pit veiy small, centre of radial; 
outer marginal area crescent-shapcd; muscle areas 
large, shallowly concave; ambulacral groove 
deep, wide V-shaped, notched into adoral 1/2 of 
facet. QMF38893 10.3mm long (incomplete), 
QMF38894 8mm long, 7.9mm wide (both 
incomplete). 

REMARKS. QMF38893 lacks the distal end of 
the right shoulder, the proximal edge of the radial 
and adoral edge of the ambulacral groove from 
solution etching. Solution etching has destroyed 
the proximal edge of the radial, some surface 
features of the transverse ridge and ligament pit 
of the radial facet and distal parts of the muscle 
area and ambulacral groove of QMF38894. 
Prophyllocrinus sp. 2 differs from P. sp. 1 by 
lacking ornament. 

Prophyllocrinus sp. 3 

(Fig. 2 ID) 

MATERIAL. QMF 38895 from QML758. 

DESCRIPTION. Radial small, 4.9mm long, 4.6mm 
wide, medium depth, proximally straight long- 
itudinally, distally incurved, moderately convex 
transversely, with coarse granular ornament; 
shoulders greatly extended longitudinally, left 
shoulder longer than right. Radial facet angust- 
ary, skewed right of centre, elongate U-shaped, 
concave with marginal rim; elevated wide trans- 
verse ridge located close to ambulacral groove at 
1/3 adoral length of facet; ligament pit very small; 
outer marginal area crescent-shapcd; muscle areas 
small, shallowly concave; ambulacral groove 
narrow V-shaped, notched into adoral 1/3 of facet. 

REMARKS. Solution etching has destroyed the 
distal end of the right shoulder and some surface 
features of the transverse ridge. Prophyllocrinus 
sp. 3 differs from P. sp. 1 and P. sp. 2 by the coarse 
granular ornament. The specimen is probably a 
juvenile and with growth would have a facet 
much like that of R sp. 1 or R sp. 2. 

Sagenocrinitid indet. 

(Fig. 22D) 

MATERIAL. QMF38896 from QMLI233. 

REMARKS. A weathered, poorly preserved, 
partial crown of an indeterminate sagenocrinitid 


shows part of the cup plates, part of one ray 
including an interbrachial series of 2 plates, and 
distal brachials of 2 or 3 rays. Critical parts of the 
cup, if preserved are not exposed to identify the 
genus. This is the first crown of a sagenocrinitid 
reported from the Callytharra Formation. It is 
illustrated to show the faunal diversity. 

Loose flexible ossicles perhaps belonging to 
this taxon, are uncommon in bulk samples of the 
Callytharra Formation from the type section. 
Both cup and arm ossicles are present and the 
brachials show well-dcvclopcd patelloid processes. 

Subclass ART1CULATA Zittel, 1879 

The Articulata is revised to include 8 orders, 7 
as in the Treatise (Moore & Teichcrt, 1978) plus 
Ampeloerinida below. Articulata arc 
characterised by brachial pairs with alternating 
muscular and cryptosyzygial articulation. 

Order AMPELOCRINIDA ord. nov. 

REMARKS. The Ampeloerinida (Table 2) includes 
Corythocrinidac, Tribrachyocrinidae, Calceoli- 
spongiidae, Ampelocrinidae (as constituted below) 
and the unassigned Tasinanocrinns . It may be 
defined as Palaeozoic genera not previously in- 
cluded in the Articulata but with brachial pairs 
with alternating muscular and cryptosyzygial 
articulation and lacking perfect pentameral 
symmetry. 

Family AMPELOCRINIDAE Kirk, 1942 

DIAGNOSIS. Cup bowl-shaped to discoidal, 
small; infrabasals small, subhorizontal to down- 
flaring, commonly not visible in lateral view; 1 
anal (exception, 3 in Anipelocrinus); radial facets 
plenary; anus commonly 10, rarely more, 2 
primibrachs (exception, 3-4 in Halogetocriuus ); 
isotomous branching; cuneate pinnulate brach- 
ials ; brachial pairs with alternating muscular and 
cryptosyzygial articulation; short anal tube where 
known (exception, recurved in Anipelocrinus ); 
proximal stem commonly pentagonal or sub- 
pentagonal. rarely circular, in transverse section; 
very cirriferous close to cup where known. 

GENERA INCLUDED. Anipelocrinus , Chlidonochnus , 
Cym h iocri n us . Halogelocrin us , Mo un do cri n us , 
Oklahomacrinus. 

REMARKS. Some species assigned to these genera 
may not belong to the Ampelocrinidae but a 
review of them is beyond the scope of this study. 
Genera assigned to the Ampelocrinidae by 
Moore et al. (in Moore & Teichert 1978), here 
excluded are Arroyocrinus , Polusocrimts , 
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FIG 22. A, Lo.xocrimis sp. 1, lateral view of radial QMF38889. *9 4 1 i.C , Loxocrinus sp. 2 . B, lateral view of 
radial QMF38890. x 5 8 C, lateral view of radial QMF38891. x5 8 D, Sagenocrimtid lndel . lateral view of 
weathered crown QMF38896, * 1 7. 


Proampelocrinus , Spheniscocnmis. because 
they lack the brachial pairs with alternating 
muscular and cry ptosyzygial articulation. 
Inclusion of some cy mbiocrinids within and 
exclusion of some ainpeloerinids from the 
Ampelocrinidac requires revision of both 
families, a revision beyond the scope of this 
paper. Ampclocnrudacare intermediate to upper 
tier feeders, adapted to carbonate or clastic sub- 
strates in equatorial latitudes. 

Family CALCEOLISPONG11DAE 
Tciehcrt. 1954 

DIAGNOSIS. Bowl-shaped to cy lindrical cup; 
(luck plates; basals often extended as prongs or 
spines; 1 anal; radial facets plenary ; arms 5 or 
more; 2 primibraehs if arms not atomous; iso- 
tomous branching; brachials cuneate; brachial 


pairs with alternating muscular and cry ptosy - 
zygial articulation; pinnulate: arms incurling 
distally when enclosed; no legmen; stem sub- 
pentagonal or pentagonal pro.ximally . commonly 
becoming circular distally ; eirriferous near cup 
where known. 

GENERA INCLUDED. Calceolispongm.AI/oso- 
crinus. Jiwbacrimis. Metacalceolispongia gen. 
nov. 

REMARKS. The ealeeolispongiids are best 
characterised by their thick plates, bow 1-shaped 
orcylindrical cup. often w ith extended prongs on 
the basals and distally incurled arms. They are a 
bottom or v ery low tier feeding animal adapted to 
a carbonate or clastic environment in equatorial 
and higher latitudes. 
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Calceolispongia Etheridge, 1915 

TYPE SPECIES. Calceolispongia hindei Etheridge, 1915 
from the late Artinskian upper Noonkanbah Formation, 
Canning Basin, WA; by monotypy. 

REMARKS. Two major papers by Teichert (1949) 
and Willink (1979b) described most of the 22 
species of Calceolispongia from Australia. 
Teichert (1949) described 12 species from 
Western Australia and demonstrated their strati- 
graphic value in the Carnarvon and Canning 
Basins. He reported that one of the major ev- 
olutionary trends of the genus was towards 
enlargement of the basals which were used for 
resting on, or anchoring within, the substrate in 
adult stages. The stem of these forms was a tether 
in the immature stages and so small as to be of no 
or little functional value in the adult stage 
(Webster, 1990). Willink (1979b) described 7 
species, reassigned 2 species questionably 
assigned to Phialocrinus by Etheridge (1892) to 
Calceolispongia , and proposed an evolutionary 
lineage for the E Australian taxa. He based his 
lineage largely on the basals and 2nd brachials. 
Although E Australian species include forms 
with nodose ornamented or thick, slightly to 
moderately enlarged bulbous basals, they never 
developed the extremely enlarged bulbous basals 
typical of the youngest WA species. The oldest 
WA species are quite small and have slightly to 
moderately enlarged basals (Teichert, 1949). 

Willink (1979b) considered that E Australian 
species evolved separately from the WA species. 
The earliest forms of both E Australian and WA 
lineages began in the Sakmarian. It is of more 
than passing interest that the 8 non Australian 
taxa of Calceolispongia , known from the Basleo 
deposits of Timor (Wanner, 1916, 1924, 1937; 
Marez-Oyens, 1940), and 1 from the Artinskian 
deposits of peninsular India (Reed, 1928) are all 
the greatly enlarged basal type. This suggests that 
the WA, Indian and Timor forms all developed in 
an interconnected area of the Tcthys and were 
geographically isolated from the E Australian 
taxa. 

Willink (1979b) also described in detail the 
brachial muscle and ligament structure and 
proposed a 2 dimensional rheophilic feeding fan 
for species of Calceolispongia with only slightly 
to moderately enlarged bulbous basals. This was 
based on a stemmed form supposedly elevated 
off the substrate. He compared the arms to some 
modern crinoids noting their similarity of 
brachial and muscle structure. This same basic 
aim staicturc is present, where known, on all 


species of Calceolispongia , whether the cup is a 
greatly enlarged or slightly to moderately en- 
larged basal form. This implies that the feeding 
strategy of the greatly enlarged basal cup form, 
living on or partially buried within the substrate, 
and the slightly to moderately enlarged basal cup 
fonn, elevated off the substrate by the stem, was 
the same. We suggest that the slightly to mod- 
erately enlarged basal fonn was not elevated 
significantly above the substrate. Instead we 
interpret it to have had a runner-like stem, with 
the proximal end upturned so that the cup was in a 
position very similar to, but perhaps slightly 
higher than, the cup with a vestigal tether stem. 
The slightly to moderately enlarged and nodose 
basals of the stemmed form helped hold the cup in 
an upright or inclined position, preventing over- 
turning and fouling of the anns in the substrate. 

The 2nd brachial, where known, of all species 
of Calceolispongia has protruded nodes to short 
blunt spines or coarse irregular ridges. This 
includes the extremely enlarged or slightly to 
moderately enlarged basal forms of the taxon. 
Willink (1979b) suggested that these enlarged 
brachials: 1, added weight to the crown enabling 
the cup to orient on its side in slower currents; 2, 
acted as stabilisers if the crown was suddenly 
bent in strong currents or detached and oriented 
on it side; and 3, would have produced con- 
siderable enhancing eddying particulate feeding 
when the cup was oriented horizontally. 

We agree with Willink’s analysis of the plate, 
muscle, and ligament structure of the anns of the 
calceolispongiids, but, in part, question the 
functional significance of the nodes, blunt spines, 
or irregular ridges on the 2nd brachial and 
feeding model. The added plate material of the 
enlarged 2nd brachial to the overall weight of the 
crown would be minimal, as they account for a 
small percentage of the overall bulk of the crown. 
In a detached crown the nodes or blunt spines 
could serve to stabilise the crown by projecting 
into the substrate, but this would normally 
require the 2nd brachials of 2 rays. With the nodes 
protruded into the sediment it would severely 
limit, if not completely negate, the function of the 
rest of those 2 anns, limiting the filtration fan to 3 
rays. In soft sediment the base of the ambulacral 
trackways would probably be fouled by burial in 
sediment. 

It is very doubtful that the crown commonly 
survived if detached from the stem. Autotomy of 
the stalk of Palaeozoic crinoids has been discus- 
sed by Donovan (1993) and Baumiller (1997). 
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Although the ability to autotomuje the stalk 
developed in late Palaeozoic cladids 
(Paniguxsttacrinuxi Webster & Lane, 1970, 
among others), it has not been demonstrated that 
othet taxa could regenerate the distal stem and 
reattach. Ifthey uutotomised the distal parts of the 
stem and then grew additional stem proximally, 
living by gTasping or burial attachment of the 
cirri, it should be recognised by finding u stem 
preserved with the cirri in the grasping or burial 
position and the distal end autotomised. The only 
regenerated stems reported from the late 
Palaeozoic are those of a flexible crinoid 
(Strimple & Frest, 1979) and Jichrnncrinus 
(Ausich & Baumiller. 1993). 

Use of the nodes or spines to produce eddy 
currents useful for feeding is considered minimal. 
Because the amis project outwards away from the 
cup into the current, only the proximal part of the 
arms could have benefitted if the oaleeoli- 
spongnds fed in a 2 dimensional or normal 
parabolic filtration fan posture. 

The projections on the 2nd brachial of both 
greatly enlarged and slightly to moderately en- 
larged basal cups suggest that tlicv serv ed a vital 
function necessary to either a stemmed existence 
with the cup barely elevated above the substrate 
(slightly to moderately enlarged hasals, runner 
type stem) or the cup resting on, or partly buried 
within, the substrate (greatly enlarged basaU, 
stem vcstigal in mature forms). Wc suggest that 
the nodes or blunt spines served a dual purpose, 
as stops and protection, and that the feeding 
posture was similar in both types of calcenli- 
sponghd cup. 

As stops, the nodes and spines prevented the 
continued rotational movement of the arms as 
they opened to feed. On forms with the basals 
buried within the sediment the nodes or spines 
could have stopped against the sediment or abut 
against another organism living in close 
proximity. The first brachial on C. ahuiidans had 
to rotate outward 16" from a vertical position for 
the nodes on the brachial above the outer lig- 
ament pit to stop against the distal tip of the radial 
external to the ligament pit on the radial facet 
The nodes or spines of the 2nd bracin’ id would 
have to rotate 135 ' to abut against the proximal 
parts of the radials and distal parts of the 
brachiuls, With the immovable ligamentary 
articulation between the 1st and 2nd brachials 
(Willink, 1979b) it is impossible for the nodes or 
spines to abut the cup plates. However, they could 
abut against adjacent organisms and deter 


predators nipping at the base of the arms in cups 
with the ba.sals resting on the substrate or cups 
barely elevated above the substrate on a runnel 
stem. In either of these positions the proximal 
braehials would be elevated above ihe substrate 
and the arms spread in u narrow to widespread 
filtration fan or they could have spread into a 
subhorizontal feeding position with pinnules 
elevated into the cutreui. 

Tcichcil ( 1949, pi. S. fig. 2) illustrated the oral 
view of a crown of C uhumlans with the 
proximal part of the enrolled portion of the arms 
unrolled along the bedding surface. The fust 2 
bruchials are buried in the sediment at a high 
angle to the more distal brachials, with only the 
distal part of the 2nd brachial partly visible at the 
base of the aims. The cup is completely buried. 
We interpret this specimen to have been in the 
feeding posture at the time of rapid burial 
followed by death If the specimen died before 
burial, any current ( such us that necessary to bury 
the specimen in sand) would have moved the 
arms into a semi-aligned postion, if not broken 
them off. This suggests that the enlarged basal 
calceolispongiid species, with the cup resting on 
or buried within the sediment. Fed with the arms 
extended along the substrate rather than above 
the substrate up in the current in a2 dimensional or 
norma! parabolic filtration fan posture. The 
enrolled arms in the nonfeeding position prevent- 
ed sediment from fouling the inactive ambulacral 
trackways and removed the arms from the paths 
of predators and benthic scavengers. 

This also explains the relatively large space in 
the muscle area between the radial and 1st 
brachial facets (Willink. 1979b. fig 11) in the 
relaxed and flexed positions. Most cladid 
crinoids have relatively small spaces between the 
radial und 1st brachial facets when closed 
(muscle contracted) and larger spaces when open 
(muscle relaxed), because the muscle area of the 
radial facet ts subhorizontal. The facet of the 
radial is steeply down flared into the cup of C'akvoli- 
spongia h while the brachial facet is subhorizontal 
with the arm in the enrolled contracted position, 
not the relaxed position as shown by Willink. In 
the relaxed position the arm is unrolled and 
extended out into the feeding position with the 
ligament in the outer ligament pits of the radial 
and 1st brachial contracted. In both conditions 
the cross-sectional area between the muscle areas 
of the facets is relatively targer than in most 
poteriocrininids. 

When closed the arms of the calccolispongiids 
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FIG 23. Calccolispongia abundant Teichert, 1 949, oblique C ray (A), distal (B) and B-C interray (C) views of 
partial crown QMF38874, x2.3. 


formed an open pentagonal petaloid strueture in 
distal view, not the tightly enelosed erown of 
most poterioerininids. However, the 1st and 2nd 
braehials were more tightly enelosed, surround- 
ing the viseeral mass protruded above the radial 
summit in the tegmen The base of the enrolled 
arms formed a eonstrietion, the ami girdle (Lane 
& Webster, 1 966), above the 2nd braehial. 

Another use of the node or spines on the 2nd 
braehial eould have been to deter settlers from 


using the shelf developed atop the 2nd braehial 
and deny predators aeeess to the viseeral mass. 

Calccolispongia abundans Teiehert, 1949 
(Figs 23, 24A-C) 

MATERIAL QMF38874 from QML12I7 

REMARKS. The partial erown, an immature 
speeimen (24mm long. 33mm maximum width), 
laeks the stem, tips of the protmded part of 4 
basals and all distal parts of the anus beyond the 



HQ 24. A-C\ ( alceolispoagia abmidans Teichcrt. 
1949, basal, posterior and A ray view s of partial 
crown QMb 38874, *2.3. D,E, Ctilceolispongia 
rubra Teichcrt, 1 949, proxinialand distal facet view 
of 2nd brachial QMF38876, *4. 1 . 
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FIG 25 A-D, Calceolispongia 
ntbra Teichert, 1949, distal facet 
(x4), exterior (*4), proximal 
facet (*4) and lateral (*3,2) 
views of 2nd brachial 
QMF38878, 


4th braelnal. It was transported to the site of 
bunal with loss of the stem and perhaps some of 
the distal parts of the amis At the site of depos- 
ition some of the 1st to 4th braeluals were 
disarticulated and moved into the viseeral eavity 
as the specimen was buried The silt and sand 
enelosing the partial erown and the assoeiated 
disarticulated plates are eompaeted and slightly 
eemented Most of the enelosing matrix is easily 


removed b\ w etting, bmslung with a moderately 
stiff tooth brush and light scraping with a needle 
under the nueroseope. 

Features not previously described on C. 
abundans are the ridges and grooves of the lateral 
ends of the 1st and 2nd braehials The 1st ridge 
and groove are 1 7mm above the proximal end of 
the 1st braehial and the last is at the distal end of 
the 2nd braelnal Initial ridges and grooves are 
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short and of low amplitude, whereas distal ones 
have higher amplitude. With the brachial in a 
living or near vertical position, the ridges and 
grooves are oriented nearly horizontally with a 
very gentle curvature, centrally convex upward. 
There are 7 ridges on the 1st brachial in 2.8mm. 
and 6 ridges in 2.7mm on the 2nd brachial. In 
lateral view, with the arms enclosed, they appear 
to interlock with false symplectie articulation. 

Development of the ridges and grooves on the 
ends of the proximal braehials is known in other 
species of Calceolispongia , sueh as C. lizziensis 
(Willink, 1979b, pi. 9, fig. 18) and C. spectahilis 
(Teichert, 1 949, pi. 1 9, fig. 40), as well as poterio- 
erinitoids such as Spaniocrinus , as described 
above. Most commonly the apparent interlocking 
oeeurs between apposing braehials and may extend 
along most of the arms of adjacent rays, such as in 
Parastachyocrinus . In these forms alternate 
braehials form the groove and ridges of I arm and 
the braehials of the adjaeent arm form the 
counterparts to produee the interlocking fit. 
Webster & Lane (1967) referred to this as an 
‘interlocking structure’ and interpreted it as adding 
strength to the enclosed erown. They also 
considered that this limited the movement of the 
proximal braehials below the arm girdle or 
constriction in the arms occurring immediately 
above the interlocking on the eromyoerinid Aloapa- 
crinus. The interlocking of adjaeent braehials is 
structurally quite different from the ridge and 
groove development on individual braehials of 
Calceolispongia , although they may have served 
a similar purpose. 

We suggest the structures in the caleeoli- 
spongiids served as sliding guides for differential 
rotational movement of adjacent proximal 
braehials as the arms were opening and closing as 
well as guides for forming a elo.se fit when the 
arms were entirely extended and were being 
tightly enclosed. A rotational movement of the 
arms above the transverse ridge of the radial facet 
occurred as the arms opened and elosed. Thus 
gently curved ridges and grooves allowed a 
relatively smooth differential movement 
between laterally adjaeent plates. The crinoid 
eould flex 1 ami to a greater or lesser degree than 
the 2 adjaeent arms. When the amis are flexed to a 
position where the 1 st and 2nd braehials were not 
in lateral eontaet with the braehials of adjaeent 
rays (Teiehert, 1949, pi. 9, figs 1, 2), the ridges 
and grooves of one arm were not in eontaet with 
those of adjaeent rays, but would have served as 
guides for proper positioning of the braehials as 
the arms enclosed. 


In the enclosed position the ridges and grooves 
would have also restricted translational move- 
ment of the 2 proximal braehials parallel to the 
long axis of the arms. This would allow tensional 
forees (such as predators nipping the tips of the 
arms or accidentally hitting the arms while 
chasing prey) applied to the distal parts of the 
arms to be mitigated by the added strength of the 
2 adjacent anus on the proximal 2 largest brach- 
ials. Depending upon the amount of tension, this 
could have resulted in retention of the 2 proximal 
braehials, the largest in the aim, when the distal 
braehials were lost. Retention of the proximal 
part would require regeneration of fewer 
braehials and thus less time and energy to replaee 
the lost part of the food gathering network. 

The enlarged proximal 2 braehials surrounded 
an expanded visceral eavity. We suggest that they 
served as a plated structure surrounding the tegmen 
in the enclosed position, while also serving as 
moveable arm bases. To aeeomodate expansion 
of a full gut tract, the 2 proximal braehials would 
have rotated outward. The ridge and groove 
structure would have allowed smooth expansion 
and eontraetion with a slight rotational move- 
ment of the proximal braehials. The nodes or 
blunt spines on the 2nd brachial would have 
served for protection analogous to tegmen spines. 
In the feeding position, the opened arms would 
have allowed some exposure of the visceral mass 
above the radials, covered only by the tissue of 
the tegmen. 

Teiehert (1949) described the nervous system 
of Calceolispongia as a series of fine eanals on 
the inner side of the eup plates. He did not men- 
tion the dual entoneural canals of the braehials. 
From the radials there are 4 canals that pass into 
the first brachial on the oral side of the transverse 
ridge of the arm faeet. On the distal crypto- 
syzygial faeet with the 2nd brachial the 4 canals 
continue into the inner side of the 2nd brachial 
and as they come out on the distal side they merge 
into 2 canals continuing throughout the more 
distal braehials. The 2 very small entoneural canals 
are on the oral side of the centre of the transverse 
ridge of facets with muscular articulation and at 
the growth centre of braehials with crypto- 
svzygial articulation. First and 2nd braehials 
(QMF38875-38878) of C. rubra Teichert, 1949 
from the Wandagee Sandstone (QML1222) show 
the eanals (Fig. 24D,E, 25, 26A-D). The dual 
internal canals also oecur in the braehials of 
Jinibacrinus bostocki . In J. bostocki they pass 
across the radial facet into the 1 st brachial on the 
oral side of the transverse ridge. In the distal 



FIG. 26. A-D. Calceolispnfigia rubra Teichert. 1949 A 43. distal and proximal facet views ot first brucfiia 
QMF38875. *4.4 CD, proximal mid distal facet views of second brachial QMF38S77, *4. 1 F-G. Calceo 
lispongia gcrfhi WiJlnik. 1 979b, basal, posterior and D ra\ views ol reconstructed crown GSQ1 1 -i4S8, * 1 .5 


326 


MEMOIRS OF THE QUEENSLAND MUSEUM 


brachials thereafter, there are dual canals as in 
Co Iceolispongia . 

Calceolispongia gerthi Willink, 197% 

(Fig. 26E-G) 

MATERIAL. GSQF13488a-r, 5 basals (I3488a-e), 5 
radials (13488f-j), 4 first brachials (13488k-n), and 4 
second brachials (13488o-r) from the early Artinskian 
Bcrridalc Formation, Rathbonc’s Quarry, Granton, 
Tasmania. Collected by S. Parfrey. 

REMARKS. Willink ( 1 979b) based the descript- 
ion of Calccolispongia gerthi on disarticulated 
second brachials. He recognised that the basals 
were not distinguishable from those of C. diemen - 
ensis and described and illustrated basals referred 
to as C. gerthi -di em en ensis. No cups or crowns 
were reported for either species. All of the material 
came from the Crinoidal Zone on Maria Island. 

The discovery of disarticulated plates from a 
single specimen in a thin shale between 2 lime- 
stone layers in the Berridale Limestone allowed 
the reconstructon of a partial crown including the 
first 2 brachials. Among the 5 basals, only the CD 
basal has a truncated distal end for reception of 
the anal plate, which was not recovered. Under 
the microscope the sutures of the basal and radial 
plates along the anal interseries were shorter than 
those between comparable plates in other inter- 
rays. Likewise, facets between the radials and 1 st 
brachials of the C and D rays were shorter than 
those in other rays, and had a short gap on the end 
adjacent to the anal interray, allowing recognition 
of their positions within the cup. Facets of the 1st 
and 2nd brachials of the C and D rays were 
shorter and slightly twisted compared to those in 
other rays allowing easy recognition. The rest of 
the specimen was reconstructed around the C and 
D rays. The BC and DE basals are broken, but the 
pieces were glued together. Unfortunately the BC 
basal was also distorted by compaction and the 
DE basal was solution weathered. It is uncertain 
if they are in the correct positions or interchanged 
on the reconstruction. The AB and EA basals 
would not fit the sutures for the BC and DE, and 
arc thus presumed to be in their correct positions. 
The third 1st brachial could fit on the E, A, or B 
radials, and thus its position, though correct with- 
in a ray, cannot be more precise. Likewise the 2 
second brachials have been solution weathered 
and it is uncertain which, if either, fit the 1st 
brachial. The infrabasal circlet was not 
recovered. 

The reconstructed partial crown is cylindrical 
and probably rested on the enlarged basals on the 


substrate with a runner or tether stem. The 
proximal side of the blunt spine projections is 
essentially horizontal, and the infrabasal circlet is 
not visible in side view, as it is downflaring or 
subhorizontal and confined to a shallow basal 
concavity. The radials arc subvertical and the 
protruded knobs of the 2nd brachials are sub- 
horizontal to slightly up Hared in the enclosed 
position. When the arms were fully extended 
laterally the knobs would have rested against the 
apex area of the subjacent radial and 2 basals. 

If C. gerthi lived elevated slightly above the 
substrate, the basal projections could have served 
as bumpers to keep the crown in a near upright 
position when tilted by currents or scavengers. 
The blunt spines on the basals along with the 
knobs of the 2nd brachials would help to prevent 
the arms getting into the sediment and 
ambulacral trackways from getting fouled when 
hit by scavengers or strong current surges. From 
the shape of the reconstructed cup it is most likely 
that C. gerthi rested on the substrate with a runner 
stem. 

Calccolispongia sp. 

(Fig. 27) 

MATERIAL. One slab with 3 basals, anal, and numerous 
brachials, all external moulds, QMF3901 2 from QML5 1 8. 

DESCRIPTION. Plates thickened, basals pro- 
truded into short double spine projecting out and 
upward, surface ornament coarse nodes and an- 
astomosing ridges aligned towards spine tips. Anal 
pentagonal, with central rounded node. Brachials 
cuneate, concave longitudinally, strongly rounded 
transversely; ambulacral groove wide, deep Y-- 
shaped . 

REMARKS. The plates of Ca Iceolispongia sp. 
are part of a single specimen disarticulated by 
currents or scavengers leaving them in close 
association. Other plates arc unknown, cither not 
exposed or lost by weathering. The basals are 
similar in shape to C. gerthi and C. diemenensis 
('Willink, 1979b), except they have surface 
ornament in addition to the double spine. If these 
plates are from a fully grown individual, the 
specimen would have been small, cylindrical, 
and lived on the substrate with a runner stem. It 
probably represents a new species, based on the 
nodose to anastamosing ridge ornament, that 
evolved from C. gerthi or C. diemenensis . 
Lacking radials and proximal brachials it is left in 
open nomenclature and mentioned for complete- 
ness of the Condamine fauna. 
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FIG 27. Calceolispongia sp., overlapping views of dislocated cup and ami plates, QMF 39012, *2.5. 


JimbacrimisTeieherU 1954 

TYPE SPECIES. Jhnhacrinus bastacki Teiehert 1954, 
from the Aitinskian Cundlcgo Sandstone of WA. by 
original designation. 

Jtmbacrtnus donncllvcnsis 
Webster & Jell. 1992 

Jimbocnnns donnellyensis Webster Jell. 1992: 353. Ilg. 21. 


REMARKS The locality for chtmellyensis 
was given as from the upperpart oHlie Arlinskian 
Bulgadoo Formation in the type section near 
Donnelly 's Well (Webster &Jcil. 1992). Because 
this is one of the few limestone environments 
above the Cally tharra Formation in the Permian 
of WA the locality was deemed worthy of 
reinvestigation for additional information and 
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more precise location. The yellow weathering 
limestone is a small lense, forming a weak bench 
at the base of the slope. QML1 141. Collection 
yielded 45 crowns of J. donnellyettsis 
(QMF39151-39195). 3 crowns of Sloiniocrinus 
merlinleighensis (QMF39 196-39 198), 7 basals 
of Calceolispongia sp. (QMF39210-39216). 8 
eolumnals of Xeocaniptocrinus sp. (QMF39202- 
39209). 2 radials of Thaiunatoblastus sp. (QMF- 
39200. 3 9201) and 1 spine o[Archaeocidaris?sp. 
(QMF39199). All specimens are in loose blocks 
or occur as free elements. 

Metacalceolispongia gen. now 

TYPE SPECIES. Cymbioaimis clmmbunemis Webster 
& Jell, 1 992 from the Wuehiapingian Cherrabun Member, 
Hardman Fonnatioa WA. 

ETYMOLOGY Greek meta, between or clumge, and 
Calceolispongia , implying a derived form. 

DIAGNOSIS. Bowl-shaped cup, thick inflated 
plates, apical pits, 1 anal, plenary radial facets. 2 
primibraehs, 11 arms minimal ineurl distally. 
braehials euneate, imiseular and eiyptosy/ygial 
paired braehials, pentagonal proximal eolumnals. 

REMARKS. Metacalceolispongia differs from 
all other ealeeolispongiids by having more than 5 
arms. It is similar to Cymbiocrinus . differing by 
having more than 10 arms, thiek plates and a 
pentagonal stem proximally. It could have 
evolved from Allosocrinns by further brandling 
of the arms or from Calceolispongia by branch- 
ing of the arms and less protrusion of the basals. 

Metacalceolispongia chcrrabunensis 

(Webster & Jell. 1992) 

C) mhiocrmus cherrabimensis Webster & Jell, 1992:351, fig. 20. 



FIG. 28. Tribrachyocnmis corrugatus Ratio, 1885, B 
ray view of crown Z3256, *2.3. 

cry ptosyzy gialartieulation; stem relatively large, 
round in transverse section, with round lumen; 
may be very eirriferous close to cup. 

GENERA INCLUDED. Tribrachyocnmis, Alega- 
notocrinns and Nowraainus. 


DESCRIPTION. See deseriptio n o f Cymbiocrinus 
cherrabimensis Webster & Jell (1992: 351). 

REMARKS. Webster & Jell (1992) commented 
that the 3rd arm on the C ray of C \ cherrabimensis 
is atypical of Cynibiocrinits and noted the 
affinities to Jimbacrinus. Evaluation of Cymbio- 
crimis and the Caleeolispongiidac within the 
Artienlata lineage resulted in reassignment. 

Family TRIBRACH YOCRINIDAE 
Arcndt & Willink, 1981 

DIAGNOSIS. Cup globose, relatively large; infra- 
basals npflared, distal tips visible in lateral view; 
radial facets plenary; 1-4 anals; 12 or 20 arms; 
isotoinously branching; euneate braehials rainu- 
latc: brachial pairs with alternating muscular and 


REMARKS. Tribrachyocrinus was assigned to 
the Sundaerinidae on tiic basis of arms developed 
in 3 rays (Moore & Laudon. 1943) and made the 
mouotypie type of the Tribraehyocrinidac by Aiendt 
& Willink (in Arendt. 1 98 i ). Meganotocrinus 
was questionably assigned to the Ampelo- 
erinidae and Xowracrinus was considered 
ineertae sedis (Willink, 1979b). Exeept for the 
non-de\ elopment of anus in 2 rays and a larger 
number of anals there is little difference between 
Tribrachyocrinus and Meganotocrinus or 
Sowracriuus. Xowracrinus differs from Mega - 
notocrinus by stellate erenulations extending 
aeross plate boundaries. The tribraehyoerinids 
differ from all otlier Ampcloerinida by the develop- 
ment of ramules instead of pinnules and the large 
transversely circular stem. They were an 



NEW PERMIAN CRINOIDS 


329 


mlcrmcdiaic or upper tier feeder, adapted to 
carbonate and clastic substrates in higher 
latitudes. 

Tribrach) ocrinus M'Coy. 1847 

H IT SPECIES. Tribnicliwcrinus ckuidi MC’ov, 1847 
Iroin Koadian oi Wordian sediments m the Maitland 
district. NSW. by original designation. 

Trihrachvocrinus corrugatus Ratte. 1885 
(Fig. 28) 

MATTRJAl . TMZ3256, from die Malbina t onnatiou. 
late Ailinskian. Storm Bay Sheet S411, I I IK). ( 100 . grid 
lelerence 773 348, Tasmania. Collected by Andrew 
Uo/o!ekls, Mas Ranks and Noel Kemp. 

DESCRIPTION. Crown small. 42mm long. 
26.6mm vv ide. all cup plates vv ith coarse corrugate 
ornament. Pari of infrabasals. basals. A-C 
radials. mdianal. 3rd anal, parts of A and C ray 
arms preserved in flattened plane. Radial facet 
plenary First primibrach wedge-shaped. tapering 
dislnlly. Axillary 2nd primibrach triangular, 
disial lip separating facets for widely diverging 
1st secundibraclis. Axillary 2nd or 3rd sccundi- 
braclu shaped like axillary primibrachs Both 
branchings isotomous All distal bracluals 
cuneate. unisertaL straight to weakly concave 
longitudinally. strongly convex Irnnsvcrscly. 
with smooth external surface. Large runiulc or 
small arm on every 2nd tcrtibraclt, alternating 
sides of main arm for ncxl 4-6 brachials. un- 
known Uicrcafler. In A ray First ramulc on 3rd 
teriihraclc2ndrainiileoii5ihtcrtibraelion 1/2 ray 
adjacent to C ray . In 1/2 ray adjacent to D ray 1st 
ramulc on 2nd tertibracli. 2nd ramulc on 5lh 
tertibnich. Thereafter raiuules every oilier terti- 
bmeli. Bracluals paired, musculature articulation on 
branching facets and after minutes alternating 
with crvptosy/ygial. 

REM ARKS. The small crow n is crushed by com- 
paction. It is the first crown of tins species known 
with well-preserved arms of 2 rays. The descript- 
ion of the arms supplements the excellent cup 
analvsis and description of T corrugatus bv 
Willink (1979b) 

Tribrachvoeriniis grannlatiis Etheridge. 1892 
(Fig. 29) 

MAIF.IUAI. TMZ325X. Iroin llic Malbina Formation, 
late Artiuskian, Storm Ray Sheet 8-111. LIOO.UUO, grid 
tulacncc 773 348, Ihsmauin. Collected by A Rtvcfclds. 
M Ranks anil N Kemp 

REMARKS. The cup has a I 8mm diameter hole 
drilled through the left central part of the large 



FI C>. 29 Trtbruchyactinns grauitlaiii v l-Uwridge, 
1892. C rav view of cup with drill hole in radiiinai. 
Z3258. '•2 6 


A-C basal plate in the centre of the llatlencd 
specimen. Noil-predatory drill holes in the legmen 
plates ofEarly Carboniferous camcratc crinoids 
were described by Baumillcr ( 1 990) and cpizoan 
pits on cup. legmen and arm plates of early and 
middle Palaco/oic crinoids were reported by Brett 
(1978. 1985). To our knowledge, no predatory 
drill holes ihrougli cup plates of Palaco/oic 
crinoids have been reported. The hole was there 
prior to deposition, is filled with the surrounding 
fine silty clay matrix and has a compaction 
fracture through the plate crossing the right edge 
of the hole Burial was rapid as no o\ ergrowthsor 
abrasion occurred. Solution weathering has 
destroyed part of the surface calcitc of most 
exposed plates Scavengers have not dis- 
articulated the cup plates and the degree of 
articulation of the pails of the arms present can- 
not be determined because of matrix cover. A 
small, gastropod. f J eruyispira sp.. 3.7cm away 
from the cup. is not know n to be camiv orous (A. 
Cook. pers. comm.. 1998) and is not thought to 
have been associated in a coprophagous 
relationship w ith the specimen 

Willink (1979b) considered 7. granulotus 
uninlcrpretablc and recommended suppression 
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FIG. 30. Tribrachyocrinusl $p ami fragment, A-C, lateral view of whole specimen ( * 1 .7). enlarged proximal 
(*2.4) and distal ( x 3 1 ) views of QMF38898 


of the species because no additional material had 
been found. He also considered T. granulaius as 
possibly representative of T. rattei Willink, 1979. 
If such were proven T. gramdatus w ould have 
precedence. T. rattei has aligned nodes coalesc- 
ing into ridges. T. gramdatus has only nodes, 
which may show alignment, therefore we accept 
both species. 

Tribrach vocrinus? sp., arm fragment 
(Fig. 30) 

MATERIAL. QMF38898 from QML806. 

DESCRIPTION. Ann large, 60mm long (incom- 
plete), branching of indeterminate ri pe on 6th 
brachial, may branch again distally Brachials 
large, (proximal brachial 3.2mm long. 6.7mm 
w ide, 7mm deep), uniscrial. moderately cuncatc. 
concave longitudinally, strongly convex trans- 
versely. large ramulc given off on even other 
brachial on opposite sides of ann (2 ramulcs per 4 


brachials). Articular facet of proximal brachial 
with large rounded transverse ridge; narrow 
crcscent-shapedoutcr margin w ith deep ligament 
pit adjacent to transverse ridge; muscle areas 
large, narrowing distally. Ramulars moderately 
cuncatc. straight to weakly convex longitud- 
inally, strongly convex transversely. Ramulcs 
branchingon ramular 4 or 5, may branch again on 
sccundiramular 2. and tertiramular 2; may give 
off small unbranchcd ramulcs of pinnular size. 
Brachials paired with muscular articulation 
w here branching or a ramulc is given off alter- 
nating w ith ciyptosyzygial articulation w here no 
brandling occurs. 

REMARKS. The branching pattern of the 
ramules is similar to that of Tribrachyocrhws 
corrugatus above the branching on the second 
sccundibrach. The branching of the ramulcs may 
represent a specific difference. The branching 
also resembles that of the Silurian flexible 
Cholocrinus ohesus (Angelin. 1878). the Earl) 
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FIG. 3 1 . Meganotocnmis princeps (Etheridge, 1 892 ), lateral view of abnormal crown BME68 1 5 1 , x 1 .7. 


Carboniferous cyatlioenmtid Barycrinus asteris- 
cus Van Sant. 1964 and flexible Onychocrimis 
exsciilptus Lyon & Casseday. 1860. There is no 
indication of patelloid processes on either brach- 
ials or ranuilars and the articular faeet of the 1 st 
brachial is of a form common to many poterio- 
crinitids. 

Meganotocrinus Willink. 1979 

TYPE SPECIES Phialoavms princeps Etheridge, 1 892 
from Arbiiskian Mnree Sandstone Member, Braiixton 
Formation, NSW, by original designation. 

Meganotocnmis princeps (Etheridge. 1892) 
(Fig. 31) 

MAI TRIAL BME6815E Middle Pennian, from an mi- 
known locahty in Queensland or NSW. 

REMARKS. A request for loan of the type 
specimen of Poteriochnitessmithi resulted in not 
only the plasticine type of P. smithi . but, the 
external mould of a partial crown of Aleganoto- 
crinus princeps with an identification label of P 
smith from the Gympie Beds, Stanwell, near 
Rockhampton. The specimen is part of the Dunstan 
Collection, purchased by the British Museum. 
July 1935. There is obviously a mixup in the 
locality and identification of the specimen. 


This specimen of A I. princeps is an external 
mould of parts of 3 rays of an abnormal eup and 
proximal brachials, with associated, but not 
attached, distal parts of 3 or 4 anus. It is em- 
bedded in a volcaniclastic matrix. Permian strata 
in the Stanwell area arc the Early Permian 
Youlambie Conglomerate and early Late 
Penman Dinner Creek Conglomerate. Penman 
voleanielastie deposits are present in and SE of 
the Rockhampton area, about 25-45km E of 
Stanwell. Other Pennian voleanielasties and 
sedimentary deposits are present 20-30km W and 
SW of Stanwell. Thus the specimen could be 
from the Stanwell or Rockhampton area. All 
reported localities of AI. princeps arc in NSW 
(Willink. 1979b). 

The abnonnality occurs on one of the radials. 
which lacks the development of the arm and 
tenmnates in a distally projected wide V-shaped 
extension. The 1st primibrachs of the 2 adjacent 
anus partly overlap the radial, the one on the right 
more than that on the left. There is no indication 
of a radial facet, nor of any injury . Tliis appears 
similar to B and E radials in Tribrachyocrinus 
where no ami is developed. If the 3 basals w ere 
not exposed the specimen would have been 
assigned to Tribrachyocrinus. It is interpreted as 
a genetic defect and is illustrated to show the 
abnonnality, but may also indicate the close 
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FIG 32. NowracriiiusoniatiisWilluik, 1979. A, distal 
facet view of primibrachial QMF39020, *2.8. B, 
internal view of radial QMF3901 5, x2.4. C, external 
view of basal QMF39014, *3.4. 

relationship between Tribrachyocritnis and 
A feganotocrinus. 

Nowracrinus ornatus (Etheridge. 1892) 
(Figs 32, 33) 

Tnhrachyocrinus ornatus Etheridge, 1892: 94, pi. 19 
Nowracrinus ornatus (Etheridge); Will ink, 1979a: 124, figs 
3-6f. 


MATERIAL. Basal, QMF39014, radial QMF3901 5 pnmi- 
braclis, QMF39019, 39020 and eolumnals QM1- 390 lb- 
390 18, 39021, 39076, 39077 from QML1247. 

DESCRIPTION. Tltis description only adds or 
alters that of Willink (1979a). Plurieolumnal 
heteromorphie, pentagonal in transverse seetion. 
Noditaxis N3231323 minimal, may be more 
complex. Colunmals large, pentagonal nodal 
1 0. 1 mm diameter, c. 1mm tliiek; intemodals sub- 
round to pentagonal, weakly pentastellate, 8.5mm 
diameter, <0.7mm tlnek. Nodal latus narrow, 
strongly protruded, relatively sharp, rounded; 
intemodal latus similar. Faeets with narrow 7 
crenularium parallel to pentagonal sides of 
eohimnal, erenulae and eulmina eoarsc, straight 
sided, slightly longer at angles of coluinnal, other- 
wise equal lengtli. Areola narrower to slightly 
w ider tlian erenularium. Lumen large, subcire- 
ular to pentagonal, parallel to outline of columnal. 
Svmplexy artieulation. Nodals w ith 5 eirn Cirral 
ftieet elliptieal, long axis parallel to eolumnal 
facets, with small central axial canal 

REMARKS. Combination of the intraplatc cren- 
nlationsand nodose to vermiform ornamentation 
are the distinctive features of cup plates of A r . 
ornatus. Coluinnals laek surfaee ornament but 
the pentagonal and pentastellate outline com- 
bined w ith distinctive faeets eould be used for 
correlation in absence of the cup plates. All 
colunmals are slightly to moderately distorted 
from eompaetion 

Family 1NCERTAE SED1S 

Tasnianocrinus Willink. 1979 

1YPE SPECIES. Tasmauoaium maiieiisis Willink, 1 979, 
from Sakiminan strata on Maria Island, Tasmania, by 
original designation, 

Tasmanocrinus sp. 

(Fig. 34) 

MATERIAL, TMZ3259, from die Malbina Formation, 
late Artinskian, Stonn Bay Sheet 8411, 1:100,000, grid 
reference 773 348, Tasmania. Collected by Andrew 
Ro/efelds, Max Banks, mid Noel Kemp. 

DESCRIPTION. Crown cylindrical, 24.5mm long, 
9nnn w ide (incomplete, plates slightly dis- 
associated). Cup eonical, 3.7mm long, emshed. 
Radials 4 or 5, 3.7mm long. 3.2inm wide, 
subvertial longitudinally, gently eonve.x trans- 
versely, proximal end weakly eonvex. distal end 
with pcncplenarv radial facets. Arms 10 9 
Brachialseuneate, strongly convex transversely, 
with open V-shaped ambulacra! groove. 
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FIG. 33. NowracrimisonwttisVIiihnk, 1979. A,B, overlapping views of crushed pi uricolumnal, QMF390 1 8, 
*2.8. C, facetal view of columnal QMF39077, *4.2 D, facetal view of columnal QMF3902 1 , *4.2. E ? facetal 
view of slightly disarticulated pluricolumnal QMF39016, x3.3. F, facetal view of slightly disarticulated 
pluricolumnal QMF39017, x3,4. G, facetal view of colunmal QMF39076, x4.4. 


Cryptosyzvgial and muscular articulation on 
alternating pairs of brachials distally. Pinnules 
stout. Stem pentagonal 4mm attached to cup, 
36mm unattached, heteromorphic; noditaxis 
N3231323. Columnals pcntalobate. lobed to 


noded on petals, with strongly convex latus. Cirri 
close to cup, probably 5 per nodal. Cirrals short, 
round transversely, with convex latus. 

REMARKS This is the second specimen of 7 as- 
manocrinas and probably represents a new 
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riCr. 34 A.B. TciMiniiiochiws sp.. lateral views of 
partial proximo] stem and crown. 73259. *3.3 


species, ll is crushed with plates slightly lo 
moderately disassociated Wcatlicring and 
rccryslallisaliou have destroyed facets on most 
exposed snrfaeesand ornamentation. A weak line 
of nodes or granules parallel lo the intrarndial 
sutures may be the remnant of coarser nodes 
similar to the aligned nodes on /. inariensis 
Willi nk. 1979 The elongate conical cup was 
possibly cry ptodicyclic with the basalt, and 


infrabasals not visible in lateral v icw whereas the 
basal circlet formed a visible part of the cup of T. 
manensis. In the radial circlet 3 plates are ex- 
posed and 2 arc discernible through the thin layer 
of silt and clay covering the opposite side of the 
specimen. Willink (1979a) described 'losmana- 
crinus as lming 3 radials bearing arms, a 4lh 
radial lacking the distal end and a 5th plate as a 
radial-like anal This specimen does not prov ide 
additional information concerning the un- 
certainty of the 4th radial. Only 2 of the 1st 
primibraehs are v isible among l lie somewhat dis- 
articulated ann plates. 

Family affinities of 'laswaiinerinns are un- 
certain. Cup shape has affinity with the 
Coiy thocrinidac. If there are onlv 3 arms it could 
be related lo Tnbnidnvcrinitx but the arms arc 
piniuilate not ramulaie. The pentagonal stem, 
eirrife rents close to die cup. is similar lo some 
Ampclocrinidac. Brachial and eolumnal artic- 
ulation show affinity with the Articulata and the 
pcneplcnary facets are unique within the 
Anipeloctinida 

Order ISOCRIN1DA Sieverts-Dorcek, 1952 
Family 1SOCR1N1DAE Gislcn. 1924 

Areliaeoisocrinus gen. nov. 

I Yl ’I 1 SPECIES. Aiduieoi.suavtwi iKxulmiu. Hindis (Vuin 
llie middle Artinskian Cundlego Sandstone, .liniha Junta 
Station. \VA 

I l YMOl.CXJY C i reek <7/r//e. beginning, old. or primitive, 
and Isocrims. refers to live beginning of (lie isocrinids. 

DIAGNOSIS. Crown small. cy lindrical, widi anus 
enclosed. Cup discoidal. cry ptodicy clic. infra- 
basals and basals in deep basal cav ity, covered by 
proximal cohunnals; radials rorm base and cup 
wall - no anal or anal notch in cup Radial facets 
plenary * vvidc gape between radials and 1st 
priniibraeh. Penlaincral symmetry. Arms It), 
branching isototnously on 2nd primibraclr. 
bracln'als cuneate nniserial. with small dual 
internal cntoncural canals, with I pimiulconlong 
side of brachial above prunibmchs Brachial 
articulation alternating between oblique 
mi i set i brand cryptosy/.ygial. Stem pcnlalobale: 
colmnnals thin, with strongly rounded convex 
Intus. 

REMARKS. Jrchaeoisacnrnis differs from all 
other isocrinids. based on cups, in that the basals 
arc within the basal cavity, and not visible in 
lateral view. . I rcliaemsocriims i s the oldcsl genus 
oft lie Isocrinidae.cvolv cd froinnnampelocrinid. 
possibly Ifnlagelocriiwx in the Early Permian by 
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removal of the aiial plate from the cup and re- 
striction of die basals to the basal invagination. 

Previously, isocrinids were reported to range 
from Earl\ Triassic to the Recent, with the Earh 
Triassic specimens consisting of poorly preserv- 
ed columnals lacking details of die articular facet 
(Rasmussen in Moore & Teichert. 1978). The 
middle Artinskian occurrence of .1. occidu - 
australis extends the range of the isocrinids back 
approximately 30 m.j. 

Archaeoisocrinus occidu australis sp. now 
(Figs 35. 36) 

ETYMOLOGY. Latin occiilens, western, and amtmlis . , 
soutlieni. 


MAI TRIAL. IIOLOTYPE: QMF38879 from a nest of 
Jimbaciims bostocki Teichert, 1954, from the Cundlego 
Sandstone on Jimba Jimba Station, VVA. Slab found by 
Ke\ in I )u\\, Cliris Johnston, and Tom Witherspoon and 
specimen found in preparation by Scott Vergiels Crown 
retains tire proximal 3 columnals, proximal part of all If) 
anus, mid medial parts of 2 anus. 

DIAGNOSIS. As for genus. 

DESCRIPTION. Crown small, cylindrical, with 
arms enclosed, 1 1.5mni long (incomplete), 9.6- 
16.7mm wide (13.1mm av. with arms partly 
opened). Cup discoidnl. 0.8mm long, 4.2-4.5niin 
wide, w ilh deep basal cavity, unoniamentecL w idi 
pentanicral symmetry, without anal scries in cup. 
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FIG. 36. Archaeoisocrmns occiduaustralis sp. nov., 
camera lucida drawing of dislal facel of 9ih sccundi- 
brach showing dual entoneural canals, QME38S79, 
* 20 . 

without anal notch on tip of indeterminate pos- 
terior radials, cryptodicyclic. lnfrabasals? and 
basals within basal cavity, not visible in lateral or 
aboral views, covered by proximal columnals. 
Radials large, 1.4mm long (minimum), 2.6mm 
wide, strongly convex longitudinally, gently con- 
vex transversely, with proximal end in basal 
cavity, with medial part forming base of cup, 
distally gently upllarcd. Radial facet plenary, 
sloping down outward, 68° from horizontal, with 
large deep outer ligament pit, narrow outer 
marginal area. Large gape between radial and 1 st 
primibrach. First primibrach 0.8mm long, 2.6mm 
wide on proximal end, 3. 1 mm wide on distal end, 
slightly convex longitudinally, moderately con- 
vex transversely. Axillary 2nd primibrach large, 
1.3mm long, 3.2mm wide, slightly convex longi- 
tudinally, moderately convex transversely. All 
secundibraehs except 1st and 2nd moderately 
cuncate proximally, less cuncate distally, gently 
convex longitudinally, strongly convex trans- 
versely, nearly circular in transverse section, with 
single pinnule on long side; small dual entoneural 
canals circular in transverse section, centrally 
located; ambulacra! groove small, V-shaped. First 
secundibrach rectilinear, 0.9mm long, 2.1mm 
wide. Second secundibrach small, nearly 
resorbed?, externally lens-shaped, restricted to 
middle of arms, 0.2mm long, 1mm wide. Third 
secundibrach cuneate, 1.6mm long on long side. 
0.7mm long on short side, 2. 1mm wide. Branching 
isotomous on 2nd primibrach in all rays, 10 arms, 
no distal branching on preserved amis. Straight 
muscular articulation between radials and 
primibrachs. Oblique muscular articulation 
between axillary 2nd primibrach and 1st 
secundibrach and between 3rd and 4th 
secundibraehs. Syzygial articulation between 1st 
and 2nd primibrachs and between 1st and 2nd, and 
2nd and 3rd secundibraehs. Cryptosyzygial and 
muscular articulation on alternating pairs of 
brachials distally. Cryptosyzygial facet with faint 
culmina and crenellae on outer half of facet, 


radiating from entoneural canal. Stem pentalobate, 
facet not preserved. Columnals with strongly 
convex latus. 

REMARKS. This delicate specimen is preserved 
w ith the anus slightly splayed around a sandstone 
matrix. The proximalmost columnals are dis- 
torted, masking the articular facet. Distal parts of 
the stem and arms are lacking. 
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APPENDIX 1 


Queensland Museum localities referred to in text. 

QML5 1 8 - Late Artinskian Condamine Beds, S side Luckv 
Valiev' Creek, Elbow Valiev area. SW of Warwick. SE Qld 
Magellan GPS coordinates 28°22‘3 1 M S. 1 52°08T9 M E. 

QMI ,757 - 1 >ato Sakmarian or early Artinskian Callytharra 
Eonnation, N side of bladed track from Callytharra 
Homestead to Byro Homestead in W most exposures 
1.5km W of type section S of Wooramel River, WA. 
25°52\30"S, 115*2945. Wooramel Sheet SG50-5, 1966. 

QML758 - Late Sakmarian or early Artinskian Callytharra 
Formation, N side of bladed track from Callytharra 
Homestead to Byro Homestead as track enters dry wash 
tributary to Wooramel River, lowermost fossiliferous shale 
and marl capped by limestone in lower fossiliferous unit. 
Type section of Callytharra Formation. 25°52’30 M S, 
1 15°30‘05 M E, Glenbiugh Sheet SG50-6, 1 963. 


QML759 - Late Sakmarian or airly Artinskian Callytharra 
Formation, second fossiliferous shale mid marl capped by 
limestone in type section of Callytharra Fonnalion. South 
side of track and stratigraphically higher than QML758. 

QML772 - Wuchiapingiau Cherrabun Member of 
Hardman Formation: bench in lower slope below' cliff 
0.5- 1.0km NNW of tvpe section, Millvit Range: 
GR767877 Crossland Sheet SE51-16, 1977. WA. Magel- 
lan GPS coordinates I9°10H5"S, 125°32’35 M E. 

QML806 - Late Permian, Flat Top Formation, Back Creek 
Group; halfway up small rise, 1 .3 km E on Uncle Tom road 
from I eicliardt 1 hghvvav, S of Banana, Queensland. Coll. 
A. Cook &M. Wade. 

QML859 - Wandrawandian Siltstone; Point Upright, 
wavccut platform below lighthouse, I liad ul la. NSW. 
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QML 1 141 - Middle Artinskian Bulgadoo Shale, upper part 
of type section SE of Donnelly’s Well, Williambury Stn, 
WA. Magellan GPS coordinates 24°05 , 45 M S, 1 15°05’40 M E. 

QML1 145 - same as QML772. 

QML 1146 - Wuchiapingian Cherrabun Member of 
Hardman formation; bench in lower slope below cliff, 
Millyit Range, WA. Magellan GPS coordinates 19°KF28"S, 
125°32’26"E. 

QML1217 - Late Artinskian, basal massive sandstone of 
the Wandagee Sandstone, exposed in type section along the 
Minilya River, Wandagee Station, WA. Magellan GPS 
coordinates 23°44 , 20”S, 114°25’02 M E. 

QML 1232 - Early Artinskian, upper part of Callytharra 
Formation, E limb of Gooch Range, W side of valley, E 
facing slope, S of Minilya-Lyndon road, up small drainage 
just S of where bladed road turns E to cross valley, WA. 
Magellan GPS coordinates 23°54’22"S, 1 14°56’54 M E. 

QML1233 - Float in limestone below QML 1232. 


QML 1237 - Early Artinskian, upper part of Callytharra 
Formation, lower crinoidal rich zone, N side of Minilya- 
Lyndon Road, flat below slope, 50m SE of ridge, E limb of 
Gooch Range, WA. Magellan GPS coordinates 23°53’48"S, 
1 14°56’48 M E. 

QML 1 240 - Early Artinskian, upper part of the Callytharra 
Formation, top of first bench nearest road, N side of 
Minilya-Lyndon road, E limb of Gooch Range, WA. 
Magellan GPS coordinates 23°53’4l"S, 114°56’35 ,, E. 

QML 1247 - Kansas Beds, Early Permian, Artinskian; 
roadcut and quarry on W side of cut at top of first hill on 
Blackwells Road, 0.8km W of junetion with Highway 
A 1 0. Blackwells Road is 1 4kn S of junction A 1 0 and B26, 
Yolla, Tasmania. Coordinates 83.25 35.80 Bumie Sk55-3, 
1973. 

GSWAL1 19377 - Artinskian, Billidee Formation, 4th lime- 
stone, Australian Map Grid coordinates Zone 50, 326340E, 
7296860N, S of Mt Sandiman sheds. Coll. A.J. Mory. 


APPENDIX 2 

List of described Penman crinoid taxa from stratigraphic units of Western Australia, Queensland, New South 
Wales and Tasmania. 


Cherrabun Member, Hardman Foimation, Wuchiapingian, WA. 
Neocamptocrinus millyitemis Webster & Jell, 1992 
A letacalceolispongia cherrabunensis (Webster & Jell, 1992) 

Wandagee Sandstone, late Artinskian, WA. 
Calceolispongia abundant Teiehert, 1 949 

Cundlego Sandstone, middle Artinskian, WA. 
Archaeoisocnnus occiduaustralis gen. el sp. nov. 

Billidee Formation, early Artinskian, WA. 

Dichocrinusl sp. 

Callytharra Formation, late Sakmarian to early Artinskian, WA. 
Neocamptocrinus ? sp. 

Glaukosocrinus middalyaensis sp. nov. 

Parabursacrinus granule tus Wanner. 1949 
Tinrorecliinid gen. indet. 

Poteriocrinitid indet.. arms 1 
Poteriocrinilid indet.. arms 2 
Poteriocrinitid indel.. amis 3 
Loxocrinus booni Mare/. Oyens. 1940 
Loxocrinus sp. 1 
Loxocrinus sp. 2 
ProphyUocrinus sp. 1 
Prophyllocrnms sp. 2 
ProphyUocrinus sp. 3 
Sagenocrinit 
id indel. 

Flat Top Foimation, Wordian, Qld. 

Auliskocrinus ? bananaensis sp. nov. 

Tribrachyocnnus ? sp.. arm fragment 

Condamine Beds, latest Artinskian or early Roadian, Qld. 

Neocamptocrinus sp. nov. 


Platycnnites halos sp. nov. 

Platycrinitid indet., columnals 
Necopinocrinus tycherus gen. el sp. nov. 

Eidosocrinns condaminensis gen. et sp. nov. 

Pedinocr inns'? nodosus sp. nov. 

Slellarocrinid? gen. et sp. nov. 

Spaniocrinus geniculatus sp. nov. 

Sundacnnus medius sp. nov. 

Moapacnnus cuneatus sp. nov. 

Eoindocrinus praecontignatus Arendt, 1981 
Calceolispongia sp. 

Poteriocrinitid indet., ami fragment 1 
Poteriocrinitid indet.. ami fragment 2 
Poteriocrinitid indet., ami fragment 3 

Catherine Sandstone, late Artinskian, Qld. 

Neocamptocrinus catherinensis sp. nov. 

Unknown stratigraphic unit, late Artinskian or early Roadian. 
Qld.? 

Aleganotocriniis princeps (Etheridge. 1892) 

Bern dale Limestone, early Artinskian, Tas. 
Calceolispongia gerthi Willink 1979 

Kansas Beds, early Artinskian, Tas. 

Order indel., basal and radial plates 
Nowracnnus ornatus (Etheridge. 1892) 

Malbina Formation, late Artinskian, Tas. 

Tribrachyocrinus corrugants Ratte, 1885 
Tribrachyocrinus granulatus Etheridge, 1 892 
Tasmanocrinus sp. 

Wandrawandian Siltstone, late Artinskian, NSW. 
Anaglyptocnnus willinki gen. et sp. nov. 


